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EXECUTIVE SUMMARY
PURPOSE

This Site Characterization Report provides a summary of
historically acquired environmental data and summarizes the
initial activities of the Phase 1, Activity 1 work conducted at
Waste Area Grouping (WAG) 6 at the Oak Ridge National Laboratory
(ORNL) in Oak Ridge, Tennessee. This investigation is a portion
of a program referred to as the ORNL Remedial
Investigation/Feasibility Study (RI/FS), which includes
investigation, assessment, and evaluation of corrective measures

for environmental releases.
SITE SUMMARY

WAG 6 is 1located in Roane County, Tennessee, approximately
10 miles southwest of the City of Oak Ridge. WAG 6 1is part of
ORNL and is located approximately 2 miles southwest of the ORNL
Main Plant Area.

WAG 6 is in Melton Valley, bordered on the northwest by Haw Ridge
and on the southeast by Copper Ridge. The topography consists of
gently to moderately sloping land which drains to a tributary of
White Oak Creek (WOC) on the east and to White Oak Lake (WOL) on
the south. It is underlain by the Maryville Limestone and
Nolichucky Shale, which dip to the southeast.

WAG 6 contains three Solid Waste Management Units (SWMU's):
o Solid Waste Storage Area (SWSA) 6--SWMU 6.1
o The Emergency Waste Basin (EWB)--SWMU 6.2

o The Explosives Detonation Trench (EDT)--SWMU 6.3

SWSA 6 1is the 1largest of the three SWMUs, comprising about
68 acres, 15 of which have to date been used for waste disposal.
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Starting in 1969, SWSA-6 received low-level radioactive waste
(LLW), chemical, and biological wastes. Since 1986, only LLW has
been disposed on the site. Prior to 1986, wastes were disposed
in over 510 unlined trenches and 490 auger holes. Since 1986,
wastes have been and continue to be disposed in greater
confinement disposal (GCD) silos, consisting of cylindrical,
vertical, below grade concrete silos with top and bottom caps,
and in tumuli (see below).

ORNL waste disposal records indicate that 7 trenches and 19
auger holes contain approximately 90 percent of the total
activity buried at the site.

The EWB, physically located outside the boundary of the WAG, was
constructed as a LIW or process waste holding basin, but has

reportedly never been used for its intended purpose.

The EDT, located in the eastern portion of the WAG, was used to
detonate shock sensitive chemicals and explosives. The EDT is
now backfilled and covered.

In addition to routine land disposal operations, SWSA 6 has been
and continues to be the site of numerous technology

demonstrations and interim corrective actions:

o The Tumulus Disposal Demonstration Project is being
conducted to evaluate the effectiveness of tumuli for above-
ground disposal of LIW. This facility consists of concrete
vaults or casks placed on a concrete pad and overlain by a

cap.

o In 1983, a French drain was installed to prevent lateral
movement of groundwater into one grouping of trenches in
SWSA 6.

o A high density polyethylene cap has been placed over all
trenches and auger holes identified as having received RCRA
reqgulated wastes between the advent of RCRA coverage
(November 1980) and the cessation of hazardous waste burial
in 1986. '




o The Engineered Test Facility (ETF) was characterized to
develop a hydrologic model of SWSA 6 based on geology,
soils, and hydrology.

o Field studies of dynamic trench compaction and trench
grouting have been conducted at SWSA 6. Several types of
grout have been evaluated in the various studies.

REGUILATORY SETTING

To provide a comprehensive and cohesive approach to addressing
the cleanup of areas or facilities where past or present
activities have resulted in contamination of facilities or the
environment, ORNL developed the Remedial Action Program (RAP).
The RAP provides comprehensive management of all radioactivity
and chemically contaminated ORNL sites until final closure of the

sites.

The RAP was initiated under the auspices of applicable DOE
Orders. In 1986, however, a RCRA permit application by ORNL
initiated an EPA plan to enforce regulatory requirements for ORNL
remedial response activities through RCRA Section 3004 (u).

A RCRA Facilities Assessment (RFA) (ORNL, 1987) for ORNL was
submitted to EPA in 1987, identifying approximately 250 known
active or inactive SWMUs or contaminated facilities, or as
potential sources of continuing contaminant release to the

environment.

Because of the large number of sites and the interaction among
many of them, ORNL proposed to EPA that the SWMUs be combined
into WAGs that are geographically contiguous or within defined
hydrologic units. The WAG concept was developed to group the
remedial action sites into manageable units that could be handled
separately. WAG 6 is one of the 20 WAGs so designated.

For each WAG, a separate RFI (or Remedial Investigation) will be
conducted to characterize the nature and extent of contamination,
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associated risk and potential remedial alternatives. The RFIs
will be followed by Corxrrective  Measures Studies (CMS) to
determine the need for, and extent of, remedial measures.
Through Corrective Measures Implementation DOE will ultimately
design, construct, operate, and monitor performance of the
remedies selected for each WAG.

In 1988, a Closure Plan for SWSA 6 (BNI, 1988) was submitted to
EPA and TDHE. The approved plan included installation of the
polyethylene cap over the RCRA regulated areas within SWSA 6,
conduct of a multi-phased RFI, completion of a CMS, and,
ultimately, construction of facilities for closure and corrective

action at the site.

In 1989, DOE and EPA negotiated a draft Federal Facilities
Agreement (FFA), documenting the overall plan and schedule for
remediation of all DOE facilities on the Oak Ridge Reservation.
The earlier agreements regarding SWSA 6 were incorporated into
the new agreement, which should be finalized in 1990.

CONTEXT OF THE SITE CHARACTERIZATION REPORT

Over the past decade, a large number of characterization studieé,
research projects, and technology demonstrations have been
conducted at WAG 6. The historical projects provided a good
understanding of the physical characteristics of the site, an
approximation of the inventory of materials buried at the site,
and a clear indication of contamination of soils, sediments,
surface water and groundwater within the WAG.

The majority of historical investigations at the site were
limited in scope to specific research needs and, as such, were
not designed to provide all the information: required for an RFI.
The studies largely dealt with specific media, in specific
locations, and specific contaminants. ©Prior to the conduct of
the Phase 1, Activity 1 RFI, no soil, sediment, surface water,
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or groundwater samples had been analyzed for the full suite of
chemicals and radionuclides potentially present within the WAG.

The scope of this first phase of the RFI was crafted to determine
what contaminants are present at WAG 6 and to determine pathways
of contaminant migration away from known sources. Several phases
of investigation will be necessary to define the areal and
vertical extent to which contaminants have migrated. Based on
historical records of materials disposed at SWSA 6 and on
historical trench leachate sampling performed by others, it has
been assumed that some form of source control/containment will be
implemented. RFI investigative efforts, therefore, deal largely
with determination of the required areal and vertical extent of
necessary remedial actions.

This document has been prepared to fulfill the requirement in the
FFA for submission of a preliminary site characterization report.
It is critical to note that the ©Phase 1, Activity 1
investigations at WAG 6 are not yet complete. Both the RI/FS
contractor and Energy System's staff are in the midst of
validating data which have been taken but are not yet available
for use and of planning additional site characterization

efforts.
SCOPE OF PHASE 1, ACTIVITY 1 RFT

The following work was conducted during the Phase 1, Activity 1
RFI and is documented herein:

o All available historical studies were reviewed. As
appropriate, relevant data from such studies were extracted
and are included in this document to provide a comprehensive
assessment of all data regarding contamination of the site
and of physical characteristics impacting contaminant
migration or remedy selection.

o] A radiation walkover survey was conducted over all
accessible areas within SWSa 6.
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o An electromagnetic (EM) survey was conducted around the dis-
posal areas within SWSA 6.
o Soil gas samples were obtained to help assess the lateral
near surface migration of volatile organic compounds.
o Environmental samples were obtained from the following media
within WAG 6:
Approximate
Number of Number of Number of
Sampling Stations Locations Samples
Media Installed/Used Sampled Analyzed
Soils -~ Borings 53 37 58
- Surface 4 4 4
Water - Wells* 39 39 119
- Surface 16 15 32

* Includes ORNL WAG 6 regulatory compliance monitoring wells.

In general, all samples submitted to the laboratory were
analyzed for the full suite of Target Compound List (TCL)
compounds and for radionuclides.

All analytical data generated during the RFI were reviewed
to determine if the intended data quality objectives (DQOs)
were met. The data review procedures were based on EPA
protocols for data validation.

Data were obtained from ORNL's ongoing RCRA groundwater
monitoring progran. The analytical methods and QC
procedures applied by ORNL were reviewed and found to be
consistent with the requirements established for this RFI,
and the data were incorporated in this report.

Historical and RFI-generated data were merged to provide a
comprehensive assessment of the physical characteristics of
WAG 6 and of the nature and extent of contamination.

ARARs and TBCs were assessed for WAG 6 and for the
contaminants found to be present.

Preliminary objectives for site closure and corrective
action were identified.

Selected components for the Baseline Risk Assessment are
presented.

A preliminary assessment of remediation technologies was
conducted to determine which may be appropriate for WAG 6.

T s el e L e e R O ¥ RN, o 1o o SR T



™~

o Based on all the above, data gaps were identified where
insufficient information is available to complete a risk
assessment for the site or to evaluate remedial
alternatives. The data gaps so identified comprise the
scope of the next phase of the RFI field investigation.

SUMMARY OF MAJOR FINDINGS

ongoing and planned site characterization efforts will lead to
an enhanced understanding of the nature and extent of
contamination at WAG 6. This document summarizes all site
investigation efforts from which validated data were available.

The WAG 6 Fate and Transport Analysis and the Baseline Human
Health Evaluation are still under development. Data necessary to
complete these elements were either unavailable in time to
incorporate in this document or are planned for upcoming
characterization efforts.

Groundwater. and Surfacewater

A number of man-made radionuclides, natural radionuclides,
organic chemicals, and inorganic chemicals have been found in
surface water and groundwater exiting WAG 6. RFI groundwater
data are summarized in Tables 5-1 (radionuclides) and 5-7
(chemical). RFI surface water data are summarized in Tables 5-2
(radionuclides) and 5-8 (chemicals). Groundwater data from
previous investigations are summarized in Tables 5-5
(radionuclides) and 5-11 (chemical). The concentrations of at
least two man-made radionuclides and fifteen organic chemicals
were found at levels exceeding human health criteria. The
significance of the natural radionuclides and inorganic
chemicals found cannot be determined until the results of
background sampling are made available.
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Subsurface Soils

Contamination of subsurface soils outside the boundary of trench
disposal areas does not appear to be at levels of environmental
concern. (Subject to evaluation with respect to background
concentrations, and completion of the human health evaluation).
RFI subsurface soil data are summarized in Tables 5-3
(radionuclides) and 5-9 (chemicals). Subsurface soil samples
from previous investigations are summarized in Tables 5-6
(radionuclides) and 5-12 (chemical).

Surface Soils and Sediments

Man-made radionuclides, inorganic chemicals, and organic
chemicals were detected in subsurface soils and sediments in
surface drainageways leading from WAG 6. RFI surface soil data
are summarized in Tables 5-4 (radionuclides) and 5-10
(chemicals) . Sediment and surface soil data from previous
investigations for radionuclides are summarized in Table 5-6.
Surface soil data from previous investigations for chemicals are
presented in Table 5-12. The significance of the detected levels
will be determined after background concentrations are determined

and the human health evaluation is completed.

Biological Hazard

A limited microbiological hazard investigation was performed at
WAG 6 to identify potential health and safety concerns. Results
of this investigation identified no definitively pathogenic
organisms. The most significant finding was the discovery of a
previously unidentified pasteurella-like bacteria in groundwater
samples. Microbioclogical data are summarized in Tables 5-15,
5-16 and 5-18. In laboratory tests the bacteria did not appear
to be highly wvirulent; however, live bacteria were recovered
from the tissue of infected mice. This issue is undergoing
additional study.




Summary

Subsurface soil contamination above levels of environmental
concern at WAG 6 appears to be largely confined to areas within
the boundaries of trench disposal areas.

Groundwater in the saturated zone appears to be the principal
pathway for transport of contaminants from the site. Sediment
transport appears to be a minor pathway based on historical data.

Virtually all trench areas contribute to contamination of
groundwater at SWSA 6. Phase 1, Activity 1 sampling results
indicated three areas with potential groundwater plumes
containing radiological and chemical contaminants at 1levels
significantly above levels of environmental concern.

The vertical extent of groundwater contamination has not been
defined, nor has the potential for along-strike flow if deep
groundwater is contaminated.

Tritium contamination, which is widespread in trench 1leachate,
was found in water in the EWB and in a drainageway exiting the
EWB at concentrations above human health criteria. The source
and migrational significance of this contamination have not been
identified.

The significance of surface water contamination and transport
have not yet been determined.

ONGOTING/PLANNED INVESTIGATIONS

Fate and Transport Analysis and the Baseline Human Health
Evaluation are still under development. As these elements are
refined, they may point to additional data needs.
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Based on the current understanding of WAG 6, the following data
analysis/acquisition activities are planned:

0 The results of ongoing/recently completed investigations will
be incorporated with +the data available herein (see
Section 1.0)

o Installation of four deep (75-ft to 150-ft) monitoring wells
is planned to determine whether deep groundwater is
contaminated and, if so, the extent of flow in deeper portions
of the shallow aquifer

o Additional soil gas measurements and placement of
approximately six(6) additional water quality wells will be
used to further evaluate contaminant plumes in the saturated
zone

o As wells are installed in suspected plume areas, selected soil
samples will be analyzed to confirm that subsurface soils
contamination is confined to the trench areas

o0 Groundwater sampling and analysis will be repeated for both
new and existing water quality wells to refine an
understanding of seasonal fluctuations in water quality and to
refine an understanding of the interactions between ground and
surface water

o Information on surface water flow and contaminant
concentrations will be obtained to assess the importance of
this migration pathway

o Sediment samples will be obtained from the EWB and selected
drainages in WAG 6 and analyzed to determine whether sediments
represent a potential source of 1long-term contaminant
migration, and therefore require remediation

o Further evaluation of the pasteurella-like bacteria found in
some of the WAG 6 groundwater samples is required. A sampling
plan to determine if the bacteria is unique to WAG 6 is
presently being developed and will be issued to EPA in early
spring 1990 for review.

10
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1.0 INTRODUCTION

A RCRA Remedial Facility Investigation was initiated in December
1988 for ORNL Waste Area Grouping (WAG) 6. This investigation is
a portion of a program referred to as the ORNL Remedial
Investigation/Feasibility Study (RI/FS), which includes
investigation, assessment, and evaluation of corrective measures

for environmental releases.

This Site Characterization Summary report presents all data
collected, validated, and available as of November, 1989 and the
findings of the initial Phase 1 RFI activities conducted from
December 1988 to June 1989 at WAG 6 by the Bechtel National,
Inc. (BNI) Team under direction from Martin Marietta Energy
Systems, Inc. (Energy Systems). Phase 1, Activity 1 was
conducted according to the WAG 6 RFI Plan (BNI, 1989), with some
activities and the schedule modified under the direction of the
ORNL Technical Review Committee (TRC) (BNI, 1989). The U.S.
Department of Energy (DOE) established a TRC to address
implementation of the RFI field activities outlined in the RFI
Plan. This committee was comprised of ORNL, and BNI
representatives, and was chaired by DOE/Oak Ridge Operations
(ORO) . Results of evaluation of technical issues and
recommendations submitted by the committee were reviewed by the
committee chairman with the final work plan determination made by
the chairman.

The information in this report is organized into Sections which
focus on the following topics: The scope and objective of the
RFI are discussed in Section 1.1 with information on project
phasing contained in Section 1.2. Section 2.0, Site Description
and Background, includes a site description and summarizes the
background data available prior to the start of the RFI. Section
3.0, Site Investigation, briefly describes the field activities
undertaken during the Phase 1, Activity 1 site investigation.
Technical memoranda (which describe each field activity in

1-1
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detail) are referenced in this section and are 1located in
Appendix A of this report. Section 4.0, Physical
Characteristics, discusses the physical characteristics of the
site, including topography, surface features, geology, surface
water hydrology, soils, and hydrogeology. Section 5.0, Nature
and Extent of Contamination, provides information on the form and
distribution of contamination in four media, including
groundwater, soil, surface water, and sediments. Section 6.0,
Contaminant Fate and Transport, provides the methodology to
perform fate and transport analysis at WAG 6. Section 7.0,
presents selected components of the WAG 6 baseline human health
risk assessment and also provides identification of ARAR's and
corrective action alternatives. Section 8.0, Preliminary
Identification of Technologies, identifies remedial technologies
that are applicable to site closure and remedial alternatives at
WAG 6. Section 9.0, Conclusions and Recommendations, provides
conclusions of the Phase 1, Activity 1 RFI findings and
recommendations for future activities. The remainder of this
section (1.0 Introduction) provides information on the regulatory
setting that mandated the initiation of the RFI process at ORNL.

ORNI, Requlatory Setting

ORNL is one of three principal facilities established on the DOE
oak Ridge Reservation (ORR) under the World War II atomic
weapons project in 1942 and 1943. The primary role of ORNL has
changed from process development support for the nation's weapons
program to a primary focus on the development of civilian uses of
nuclear technologies and widespread application of non-nuclear
energy sources (National Research Council, 1985). The facility
is currently operated by Energy Systems for DOE.

Throughout the operational history of ORNL, generation of
radioactive, hazardous, and mixed (radioactive and hazardous)
wastes has occurred as a result of routine facility operations.
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In general, these wastes have been generated by the following

types of facilities:

o Radioisotope production facilities
o Hot cells and pilot plants

o Accelerators

o Reactors

o

Analytical and research laboratories

Wastes have been disposed by various methods, including shallow
land burial using trenches and auger holes and by hydraulic
fracturing of subsurface geologic formations for 1liquid and/or
sludge disposal. Additionally, certain wastes have been placed
in above- and below-ground storage in tanks, surface
impoundments, vaults, and concrete bunkers. A very high fraction
(approximately 90 percent) of the radioactive and organic solvent
wastes were disposed in a small, localized area of WAG 6.

To provide a comprehensive and cohesive approach to addressing
the cleanup of areas or facilities where past or present
activities have resulted in contamination of facilities or the
environment, ORNL developed the Remedial Action Program (RAP).
The RAP provides comprehensive management of all radioactively
and chemically contaminated ORNL sites until final closure of the
sites.

Initially, RAP guidance for accomplishing these tasks was
provided by DOE Orders 5820.2, "Radioactive Waste Management,"
and 5480.14, "Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA) Program." To the extent possible, the
guidance follows regulations issued by EPA pursuant to RCRA.
DOE Order 5480.14 set a timetable for bringing DOE facilities
into compliance with the CERCLA, which initiated remedial
response activities. Compliance milestones and completion dates
were integrated into an overall long-range environmental plan for
ORNL (BNI, 1989). However, in April 1986, EPA issued a permit

1-3
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for the DOE/ORNL Hazardous Materials Storage Area, Building 7652.
This permit initiated an EPA plan to enforce regulatory
requirements for ORNL remedial response activities through RCRA
Section 3004(u), rather than through CERCLA. The primary
objective of the 3004(u) program is to clean up releases of
hazardous wastes or hazardous constituents from solid waste
management units (SWMUs) at RCRA permitted facilities.

The 3004 (u) corrective action program consists of the following
four phases (EPA, 1986e):

Phase 1. The RCRA Facilities Assessment (RFA), which identifies
releases or potential releases requiring further investigation.

Phase 2. The RFI, which characterizes the extent of releases.

Phase 3. The Corrective Measures Study (CMS), which determines
the need for, and extent of, remedial measures. This step
includes identification of appropriate remedies for identified
problens.

Phase 4. The Corrective Measures Implementation (CMI), which

designs, constructs, operates, and monitors performance for the
measures selected.

ORNI, RFA (Phase 1)

The RFA for ORNL was submitted to EPA in March 1987 (ORNL, 1987).
Approximately 250 sites were identified as known active or
inactive SWMUs or contaminated facilities, or as potential
sources of continuing contaminant release to the environment.
Included in this 1list are waste collection and storage tanks,
solid waste storage areas (SWSAs), waste treatment units,
impoundments, and leak and spill sites. Although cleanup of
releases from some of the sites are not enforceable under RCRA
Section 3004(u) (e.g., Surplus Facilities sites), they are
included in the list to provide a comprehensive inventory of all
ORNL sites that may represent actual or potential sources of
continuing release to the environment. Only those actual or




potential sources regulated under RCRA are referred to
collectively as SWMUs.

Because of the large number of sites and the interaction among
many of them, ORNL proposed to EPA that the SWMUs be combined
into WAGs that were geographically contiguous or within defined
hydrologic units. The WAG concept was developed to group the
remedial action sites into manageable units that could be handled
separately.

The combining effort produced 20 WAGs, which are generally
watersheds that contain contiguous or similar operating

facilities and remedial sites.

RI/FS

For the ORNL RI/FS, a separate RI and Alternatives Assessment
(A7) will be performed for each WAG except WAG 6, for which an
RFI and CMS will be conducted. These activities are detailed in

the SWSA 6 Closure Permit Application (BNI, 1988a).

Waste Area Grouping 6

WAG 6 includes three SWMUs: SWSA 6 (SWMU 6.1), the Emergency
Waste Basin (EWB) (SWMU 6.2), and the Explosives Detonation
Trench (EDT) (SWMU 6.3). The EWB is physically located outside
the boundary of WAG 6; however, it is still considered to be a
portion of WAG 6. SWSA 6, which has received low-level
radioactive, chemically hazardous, and biological wastes,
occupies the largest area within WAG 6 and is the principal
source of contaminants. The EDT, which is located in the eastern
part of WAG 6, is now backfilled and covered. The trench
measured about 15 by 5 by 4 ft and was used to detonate
explosives and shock-sensitive chemicals such as picric acid,
phosphorus, nitromethane, hydrogen peroxide, and ammonium
nitrate. The EWB was constructed as a LLW or process waste

ey . me e TR oy - pegpmmeteesmamoryTe C s swee swevs s - e ey PSS -
LA A I YRR ARSI S A SRR S L ISP 7 A LRk St s . N N



holding basin to be used whenever ORNL was unable to release
wastes to White Oak Creek (WOC). The basin, which encompasses
about 2 acres and has a volume potential of 15 million gallons,
was constructed in 1961-1962, but has reportedly never been used
for its intended purpose.

1.1 RFYI SCOPE AND OBJECTIVE

The scope of the RFI was designed to supplement existing
information to determine whether or not the SWMUs in WAG 6
represent a significant hazard to human health and to support
assessment of potential remedial alternatives during the CMS.

The objectives of this investigation are summarized as follows:

o Evaluate the adequacy of existing data and determine
additional data requirements

o Evaluate those data necessary to support the CMS and to
determine the nature and extent of contamination

0o Evaluate potential route(s) of contaminant release and
migration

o Quantify the potential impact and risks to human health from
actual or potential release of contaminants from the site

1.2 PROJECT PHASING

The WAG 6 RFI process is based on a phased approach. In a
phased approach, the data are collected in stages. The initial
RFI activities (Phase 1) focused on developing a general
understanding of the site. Subsequent phases can be focused on
filling in data gaps. This phased approach allows for the
identification of data needs early in the process and ensures
sufficient information is gathered as required for preparation of
the risk assessment.

Phase 1 activities initially focused on evaluating existing data
from previous investigations performed on the site. Based on
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this evaluation, additional data needs were identified to
determine the nature and extent of contamination. Phase 1
activities included nondestructive surveys (i.e., radiological
scans, soil gas studies, and electromagnetic investigations).
Additionally, soils, sediments, surface waters, and groundwaters
were sampled and analyzed for chemical, radiological, and
biological contaminants. Phase 2 data requirements will be based
on the findings of Phase 1.

Soil borings were placed to identify zones of contaminant
movement from the trenches and to intercept and test the

following:

o Relict zones of surface drainage prior to SWSA 6 construction
o Known areas of trench "bathtubbing" during heavy rainfall

o Areas along geologic strike (i.e., east-west) from trenches
and auger holes.

o Soils adjacent to trenches or auger holes containing known
relatively large amounts of contaminants

o Areas away from the immediate trench perimeters that have
been identified in previous studies as "hot spots”

o Areas in which trenches intersect the water table/areas of
alluvial soils (which tend to correlate with criterion 1 and
2, above)

The reevaluation of the original plan by the TRC resulted in
deleting two boring locations and relocating nine others.

The TRC's review of the proposed groundwater monitoring system
resulted in a significant change in the initial RFI Plan. Based
on research data collected by ORNL Environmental Sciences
Division (ESD) staff, a decision was made to replace the RFI Plan
proposed groundwater monitoring well system with one that focused
on the shallow stormflow 2zone. ORNL data indicated that a
significant portion (i.e., 90 to 95 percent) of the subsurface
flow occurs in this zone with discharge to surface waters with




.
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little vertical migration predicted. Additionally, ORNL has
installed regulatory compliance wells which will allow for
detection of oft-WAG migration of contaminants. As a result, the
plan was revised to concentrate on this shallow zone during the
Phase 1, Activity 1 effort.

Due to an exceptionally wet summer, base flow or the equivalent
of low water table surface and subsurface water samples were
acquired too late during Phase 1, Activity 1 to be evaluated for
incorporation into this report. Additionally, the ORNL sub-cap
water table data and the fourth quarter ORNL groundwater data
were not available for evaluation. Furthermore, background
samples for soils, surface waters, and groundwaters will be
obtained during the WAG 1 investigation. This activity will
precede the WAG 6 Phase 1, Activity 2 investigation. Results
from this activity will determine average background levels that
will be applicable for all future RIs and RFIs presently planned
for the Melton and Bethel Valléy portions of the ORNL

reservation.

All of the above mentioned data will be evaluated and
incorporated into the final RFI Report for WAG 6.




T

2.0 SITE DESCRIPTION AND BACKGROUND

This portion of the Site Characterization Summary Report is

" divided into three sections. Section 2.1 provides a general

description and background information on WAG 6. Section 2.2
presents a summary of the history of each SWMU located within
WAG 6. Section 2.3 provides a brief review of previous
investigations conducted at WAG 6.

2.1 SITE DESCRIPTION

WAG 6 1is located in Roane County, Tennessee, on the ORR,
approximately 10 mi southwest of the City of 0Oak Ridge
(Figure 2-1). The ORR contains three facilities established by
DOE: ORNL, the Y-12 Plant, and the Oak Ridge Gaseous Diffusion
Plant (ORGDP) (Figure 2-2). WAG 6 is part of ORNL and is located
approximately 2 mi southwest of the ORNL Main Plant Area. WAG 6
is bordered on the south by White Oak Lake near White Oak Dam and
on the west by State Highway 95. White Oak Lake and White Oak
Creek (WOC) are part of WAG 2, which extends into the ORNL Main
Plant Area. The WAG 6 location in relation to other ORNL WAGs is
shown in Figure 2-3.

WAG 6 is in Melton Valley, between Haw Ridge on the north and
Copper Ridge on the south. The topography consists of gently to
moderately sloping land, which drains to a tributary of WOC on
the east and to White Oak Lake on the south (Figure 2-4).

WAG 6 contains three SWMUs: SWSA 6, the EWB, and the EDT. The
location of the individual SWMUs is shown in Figure 2-5 and is
described in the following sections.

SWSA 6 is the largest SWMU within WAG 6, comprising approximately
68 acres, with approximately 15 acres used for waste disposal.
SWSA 6 has received 1low-level radioactive, chemical, and
biological wastes. Disposal operations began in 1969, and
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disposal of LLW is ongoing. Prior to 1986, wastes at SWSA 6 were
disposed in over 510 trenches and 490 auger holes. The
trenches were used for disposal of large waste packages and
assorted bulky items. Auger holes were used for small items with
considerable surface activity requiring immediate closure for
shielding purposes (Davis et al., 1989). Dimensions of trenches
used at SWSA 6 were highly variable depending on the topography
and trench type. They generally were 50 ft long by 10 ft wide by
13 to 20 ft deep. Beginning in 1975, trench depth was limited to
approximately 15 ft or less, with the floor of the trench being
at least 2 ft above the documented high water table. Minimum
spacing between trenches was 5 ft. When the waste level reached
approximately 3 ft below the top, the trench was backfilled with
soil from the excavation of the next trench. The area was seeded

to minimize erosion (ORNL, 1987).

Auger holes were generally located in the higher elevations of
SWSA 6. Diameters ranged from 1 to 4 ft, with depths to 20 ft.
In June 1986, the use of unlined trenches and auger holes was
discontinued, and waste disposal was restricted to LLW (i.e., no
chemical waste). Wastes are now disposed in GCD silos consisting
of cylindrical concrete silos with top and bottom caps, placed
below grade in a vertical orientation (Baldwin et al., 1989).
Dimensions included 6-in. thick concrete walls and an 8-in. thick
steel reinforced concrete top and bottom. The majority of the
silos are also equipped with a 3-in. diameter polyvinyl chloride
(PVC) monitoring well on the inner wall of the silo for detection
and sampling of waste leachate in the silos.

The silos were constructed using three different techniques. The
initial 12 silos were constructed using precast concrete drainage
pipe. Four of the pipes were placed adjacent to one another in
a trench. The trench around the pipes was then backfilled, and a
steel-reinforced concrete bottom was poured into each sileo. The
joint between the concrete silo walls and floor was sealed with
tar (Baldwin et al., 1989).
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The second construction technique, which was used to construct 24
silos, consisted of using two diameters (8-ft and 9-ft) of
corrugated metal pipe as forms for pouring the concrete
sidewalls. The two pipes were aligned vertically, positioned
concentrically, and attached with welded struts. The bottoms
were formed by pouring a steel-reinforced concrete floor and
sealing the joint between the inner corrugated metal pipe and the
concrete floor with tar.

Early monitoring of the silos indicated that some water was
present in the silos, and the integrity of the joint between the
concrete floor and sidewalls was suspected (Baldwin et al.,
1989). This resulted in development of a third construction
technique. As in the previous construction method, corrugated
metal piping was used as forms for pouring the concrete
sidewalls. However, the inner of the two pipes was raised
approximately 1 ft above the outer pipe before being welded in
place. The floor was then poured first, using the outer metal
pipe as its sidewall. This technique results in a concrete-to-

concrete joint.
2.2 SITE HISTORY

The following sections present a summary of the site histories of
the three SWMUs in WAG 6. The site histories present information

on construction, operation, and maintenance activities.

2.2.1 SWSA 6 (SWMU 6.1)

SWSA 6 was opened for limited disposal operations in 1969 and
began full-scale operations in 1973. SWSA 6 received wastes
(radioactive and chemical) from every operational activity
conducted at ORNL. The wastes included solvents, scintillation
liquids, laboratory glassware and equipment, protective clothing,
worn-out or obsolete mechanical equipment, construction
materials, asbestos, filter media and resins, animal remains, and
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contaminated earth. Curfently, only LLW is disposed in SWSA 6.
No chemical'wastes have been disposed there since April 1986.
Prior to 1986, packaging of these wastes was highly variable,
ranging from plastic bags to stainless-steel drums to no
containerization at all (IT, 1986).

Trenches are classified based on the form of disposed waste:
high activity (unlined), 1low activity (unlined), biological,
asbestos, baled, fissile, high-activity concrete lined, or low-
activity concrete lined. A map indicating the locations of the
various trench types is shown in Figure 2-6. The demolition
landfill, which is still active, is used for disposal of shredded
radiological contaminated (suspect) waste.

The high-activity (unlined) trenches are concentrated in two
areas at the northern edge of the site where the height above the
water table is greatest. These trenches occupy approximately
2 acres, or 3 percent of the total area of SWSA 6. High-activity
trenches were used for disposal of waste with a reading on the
surface of the container equal to or exceeding 200 mR/h. This
waste generally contained beta~gamma activity and/or nonfissile
alpha activity. However, at least two of the trenches (numbers
120 and 346) contain scintillation fluids composed primarily of
xylene and toluene (ORNL, 1986). After being placed in the
trench, wastes were covered with sufficient soil to lower the
surface radiation reading to 100 mR/h or less. The period of
active disposal for each trench was approximately 6 to 8 months.

Low-activity (unlined) trenches occupy the most area in SWSA 6
and are second in number only to biological trenches. The low-
activity trenches were used to dispose wastes with radiation
readings on the surface of the container of less than 200 mR/h.
These wastes included metal, wood, construction debris, concrete,
paper, plastics, clothing, and lead shielding (IT, 1986). These
trenches were usually active for 6 to 8 weeks. Before
June 1985, wastes were simply dumped into trenches; after that
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time, most waste was packaged in plywood boxes or 55-gal steel
drums and stacked in the trenches.

Asbestos trenches, which occupy only 0.7 acre, or 1 percent of
the total area of SWSA 6, received both radioactively
contaminated and uncontaminated asbestos. These trenches were
used infrequently, about once every 3 to 4 weeks, and the waste
was covered with soil the same day (ORNL, 1986). To conserve
trench space, metal dividers were placed about 8 ft apart to
prevent fill dirt from spilling into unused portions of the
trench.

Compacted bale trenches comprise about 0.15 acre, or 2 percent
of the total area (ORNL, 1986). These trenches received
compacted wastes (i.e., gloves, shoe covers, and blotter paper),
which were not alpha radioactively contaminated and had a
contact radiation reading of 200 mR/h or less. Wastes were
compacted about twice a month into 10 ft3 bales, weighing
approximately 650 1b. The compaction process resulted in a
volume reduction of approximately 8 to 1.

The biological trenches comprise the largest group of trenches in
SWSA 6, occupying approximately 3.2 acres, or 5 percent of the
total area (ORNL, 1986). The trenches are distributed
throughout four areas of the site, primarily in the central and
southern portions of SWSA 6. As in the asbestos trenches, metal
dividers were used to conserve space and prevent f£ill dirt from
spilling into unused portions of the trench. Biological waste
was disposed about once a week. Completed trenches were
backfilled and seeded. The period of active disposal for each
trench was approximately 6 weeks.

The biological trenches received materials from biomedical
laboratories, including carcasses of experimental animals,
bedding, excreta, gloves, and shoe covers. The waste is reported
to be primarily low-activity, low-level, non-alpha contaminated,
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less than 200 mR/h, with most waste being approximately 5 mR/h.
The biological trenches also contain the 1largest volume of
scintillation fluids (primarily xylene and toluene) in SWSA 6.
Records indicate that between 1972 and 1976, over 12,500 gal of
scintillation fluids may have been disposed in 35 biological
trenches (ORNL, 1986).

Auger holes have been classified as high-activity, solvent, or
fissile (Davis and Solomon, 1987). The auger holes, which
comprise approximately 1.2 acres, or 1.7 percent of the total
SWSA 6 area, are 1located in higher elevation areas of SWSA 6
(Figure 2-6). The holes are generally 1 to 4 ft in diameter,
20 ft in depth, and spaced approximately 3 ft apart. Three or
four disposals were routinely made in each auger hole. Wastes
were disposed in various sized containers up to 55-gal drums.
After waste disposal, if the radiation reading was greater than
100 mR/h, soil was backfilled until the radiation 1level was
reduced to 100 mR/h or less.

Fissile auger holes received wastes containing uranium-235,
possibly mixed with other radionuclides, such as cesium-137,
uranium-238, and strontium-90.

Unlined auger holes were used to dispose high-activity waste with
radiation readings at the surface of the unshielded container
equal to or exceeding 200 mR/h. Waste disposed in high-activity
auger holes included other LLW not classified as fissile, such as
cobalt and tritium. If a high-activity waste could physically
fit into an auger hole, it was placed there.

Before 1980, solvent auger holes were used to dispose a variety
of chemical wastes, some o0f which were radioactively
contaminated. Exact volumes disposed are not known, but wastes
included o0ils, cleaning solutions, alcohols, paint thinners,
kerosene, jet fuel, acids, and sodium.
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The demolition landfill, used for disposal of 1low hazard
(suspect) waste, is also located within SWSA 6. This waste has
no measurable surficial radiological contamination but has been
judged by the generatbr to be radioactively contaminated above
ORNL "“Health Physics Material Transfer Clearance Tag" (free of
radiation or other contamination hazards) limits or to be such
that some areas cannot be surveyed (such as the insides of
pipes). This 1landfill occupies approximately 5 acres and is
located in the northeastern portion of SWSA 6. Waste is shredded
to reduce its volume and when it is placed in the landfill, it
is covered with soil.

As described in Section 2.1, LLW are disposed in GCD silos.
(Currently, no chemical wastes are disposed in SWSA 6.) The GCD
silos are located in three groups: two groups of low-activity
silos, and one group of high-activity silos (Figure 2-7).
Approximately 100 silos currently exist at SWSA 6.

A Closure Plan Permit Application for SWSA 6 (BNI, 1988a) was
submitted in April 1988 to EPA and TDHE to meet regulatory
requirements for initiating closure activities in SWSA 6 by
November 1988 [40 CFR 265 Subpart G and TDHE Rule 1200-1-
11.05(7)3. Initiation of closure of the RCRA-regulated areas
will involve implementation of an interim corrective measure
(ICM) and sitting of a temporary cap and drainage controls as
part of the overall closure of the SWSA. The closure plan was
revised in August 1988 and subsequently approved by EPA.

SWSA 6 is also the site of several planned site operations,
interim corrective actions, and remedial action technology
demonstration studies.
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Planned Site Operations

The Tumulus Disposal TCemonstration project is a two-phased
project (Tumulus I and II) being conducted to evaluate the
effectiveness of tumuli for above-ground disposal of LLW (Baldwin
et al., 1989).

The Tumulus I facility, located in the central area of SWSA 6,
consists of two layers of concrete vaults or casks containing LLW
placed on a concrete pad and overlain by a cap. The pad is
approximately 105-ft by 65-ft and is constructed of steel-
reinforced concrete. Directly beneath the pad 1is a 1leak
detection layer consisting of free draining stone underlain by a
synthetic membrane.

During implementation, the vaults will be transferred from the
existing temporary storage buildings and will be stacked two-
high on the pad. The top of the second layer of vaults will be
approximately 11 ft above the surface of the pad. Loading of
Tumulus I is expected to be completed in late 1990.

The Tumulus II facility is to be constructed just north of
Tumulus I. The design is similar to Tumulus I, although the
dimensions are slightly smaller (60-ft by 90-ft). Construction
of this facility began in January, 1990 with loading operations
anticipated to begin in July, 1990 (Baldwin et al., 1989). The
tumulus will be overlain by a multi-layered cap to be specified
as part of the CMS.

An area in the southwest portion of SWSA 6 has been set aside for
the location of an Interim Waste Management Facility (IWMF).
This facility, which 1is expected to begin operations in
September 1991 and close in September 1996, will consist of up to
six tumulus pads measuring approximately 4,500 ft? (Baldwin et
al., 1989).
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Interim Corrective Actions

In an attempt to alleviate infiltration in an area of SWSA 6
known as the 49 Trench area, the area was sealed with a bentonite
cover in 1976. The seal was covered with soil and seeded to
prevent erosion. However, water was still observed in the
underlying trenches (ORNL, 1986). In 1983, a French drain
designed to prevent lateral movement of groundwater into trenches
was installed in the 49 Trench area. The drain surrounded the
trenches on the north and east sides and was installed at a
maximum depth of about 30 ft (Davis and Stansfield, 1984).

Several trenches in close proximity to the drain have been
dewatered, and there has been a general 1lowering of the
groundwater table. Water contour maps show a significant change
in groundwater flow direction, which is now toward the east leg
of the drain. Maximum draw down is approximately 12 ft in the
northeast corner of the site where the drain legs intersect
(ORNL, 1986).

The Closure Plan for SWSA 6 required the installation of a low
permeability cap over waste disposal areas that received RCRA
regulated wastes as an ICM. The cap was installed during
November 1988 to May 1989 and was designed to reduce surface
water infiltration into the waste disposal areas. The cap
consists of 80-mil, high-density polyethylene, which is resistant
to ultraviolet 1light. Design life of the ICM cap is 5 years.
The locations of the capped areas are shown on Figure 2-8.

Remedial Action Technoloqgy Demonstrations

ORNL has been investigating improved shallow 1land burial
technology for LLW in humid environments. The Engineered Test
Facility (ETF), a field-scale demonstration site, has been
established in SWSA 6 to carry out these studies. Originally,
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the investigations were to focus on waste grouting prior to cover
emplacement and waste isolation with trench liners to prevent the
waste from contacting water and thus minimize waste leaching
(Davis et al., 1984). The grouting demonstrations were
eventually conducted elsewhere as discussed 1later in this

section.

The ETF has been characterized to construct a hydrologic model
based on geology, soils, and hydrology (Davis et al., 1984).
Site characterization activities were initiated in 1981. Much
emphasis was placed on geological characterization at shallow
depths where the wastes 1lie. Radionuclide, chemical, and
physical properties were determined using core samples taken
nearby at depths ranging from 16 to 115 ft.

Field studies of dynamic compaction and trench grouting have also
been conducted in SWSA 6. Spalding, Hyder, and Munro (1985)
excavated three pilot-scale trenches (349, 350, and 351)
measuring 10 ft by 10 ft by 5 ft. Each trench was fitted with
eight PVC well casings and a central grout injection well. The
trenches were filled with suspect solid waste including concrete
blocks, tires, pipes, discarded equipment, wooden pallets,
shipping cartons, and paper and backfilled with soil. To measure
the hydraulic conductivity of the soils, four boreholes were
placed around each trench.

Trenches 349 and 350 were grouted with sodium silicate in August
and September 1982, respectively; Trench 351 was grouted with
acrylamide in October 1982. The three trenches were situated so
that they had different depths to groundwater. Trench 349
penetrated the water table so wastes were saturated for most of
the year; Trench 350 was above the seasonal high point of the
water table, and Trench 351 was intermediate between the two.

In August 1986, particulate grout was injected under pressure
into Trench 150 as a remedial action demonstration to assess the
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effect of this type of grouting on trench subsidence and
radionuclide behavior (Spence, Godsey, and McDaniel, 1987).
Besides the benefit of filling large voids and preventing
subsidence, particulate grouts may immobilize and encapsulate
most of the radioisotopes close to the waste, may redirect water
flow paths away from the waste, and may offer the advantage of
using natural materials that withstand the rigors of weather and
time. Components used in this grout were Type I Portland cement
(39 percent), Eastern Class C fly aéh (55.5 percent), and
bentonite (5.5 percent). A concrete mixing truck was used to mix
the solids with water and the set retarder/dispersing agent. The
grout was pumped through lances driven into the trench. A total
of approximately 8,100 gal of grout, which represents about 19
percent of the total trench volume and most of the void volunme,

was successfully injected into Trench 150.

Trench subsidence is a major problem in remediating shallow land
disposal sites. Subsidence depressions not only create
catchments for surface runoff and precipitation but also channel
water into contact with buried waste. Furthermore, surface
stability is necessary for almost all infiltration and intrusion
barriers. Spalding (1986) conducted a demonstration in SWSA 6 to
evaluate the degree of consolidation that could be achieved by
dynamic compaction of a closed burial trench in a cohesive soil
formation. Trench 271 in the northern portion of SWSA 6 was
selected for this demonstration. Waste disposal records indicate
that the trench was operational from March to June 1978, during
which time about 880 ft3 of waste weighing approximately 8,500 1b
were disposed. The waste consisted primarily of contaminated
equipment, demolition debris, and dry solids, with a small amount
of biological waste. Packaging was variable. The inventory of
radioisotopes, totaling about 80 Ci, included mostly
strontium-90, with smaller amounts of cesium-137, samarium-151,
thorium-232, uranium-238, technetium-99, cesium-134,
ruthenium-106, cerium-144, iridium-192, cobalt-60, iron-59,
manganese-54, californium-252, curium-244, and tin-121.




Compaction was accomplished by repeatedly dropping a 4-ton,
steel-reinforced concrete cylinder from heights of 12 to 25 ft
using the whipline of a 70-ton crane. The ground surface was
depressed an average of 2.6 ft, with some areas depressed as much
as 6.5 ft. The surveyed volumetric .depression totaled 64
percent of the measured trench void space. Neither trench cap
bulk density nor permeability was affected by compaction,
indicating that the consolidation was primarily subsurface.

The proposed Test Area for Remedial Activities (TARA) Phase 1
involves the dynamic compaction, grouting, and capping of five
selected trenches. The area chosen for this demonstration is a
hillock of approximately 1 acre in the northeastern part of
SWSA 6. This area was selected for several reasons including its
hydrologic isolation, the 1likelihood of its having few
containers of liquid hazardous waste, and the ease of monitoring
for contaminant release through a suite of perimeter wells (ASG,
1987). Experience gained during TARA Phase 1 will be used in the
design of TARA Phase 2, to assess the impacts of dynanmic
compaction on saturated +trenches and on the release of
contaminants to groundwater. During compaction, downgradient
groundwater will be monitored and, as required, extracted and
treated.

2.2.2 The Explosives Detonation Trench

The EDT, which is now backfilled and covered by an ICM cap, was
used to detonate explosives and shock-sensitive chemicals, such
as acids and oxidizers (e.g., picric acid, phosphorus, ammonium
nitrate). The trench is located in the northern portion of SWSa
6 (Figure 2-5) and is approximately 15-ft long by 5-ft wide by
4-ft deep. Wastes were placed in the bottom of the trench and
detonated with small plastic charges; debris from the explosions
generally remained in the trench. Table 2-1 lists waste known to
have been detonated at the EDT (ORNL, 1985). A closure plan for
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TABLE 2-1

WASTE ITEMS DETONATED AT THE EXPLOSIVES DETONATION TRENCH

picric acid
picryl chloride

2,4-dinitrophenyl hydrazine

pricramide
phosphorus

zinc peroxide
nitromethane
2,4-dinitrophenol
hydrazine solution
barium peroxide
hydrogen peroxide
sodium azide
charcoal solution
thionyl chloride
ammonium nitrate

aluminum chloride
aluminum metal
magnesium metal
phosphorus pentasulfide
methyl acrylate
titanium trichloride
potassium azide
phosgene

zinc metal

phthalic anhydride
cobalt metal
chromium metal
niobium powder
neodymium

zirconium metal

Source: ORNL (1985).



the EDT has been filed in accordance with 40 CFR Section
270.14(b) (13-18), Sections 264.110-115, and Section 264.178 and
TN 1200-1-11-.07(5) (a) (13-16) (ORNL, 1985).

2.2.3 The Emergency Waste Basin

The EWB was constructed in 1961-1962 to serve as an emergency
holding basin for LIW or process wastes. It was to be used when
ORNL was unable to release to WOC. The basin, which encompasses
approximately 2 acres and has a potential storage volume of 15
million gallons, was reportedly never used.

2.3 PREVIOUS INVESTIGATIONS

Numerous investigations have been conducted over the past
20 years regarding site physical characteristics and site
contamination at SWSA 6. This section briefly describes the
scope of a number of these investigations. Selected results are
included in Sections 4.0 and 5.0. Complete results are available

in the referenced reports.

In the following paragraphs, the general administrative programs
under which individual investigations were conducted are
described (Section 2.3.1). These are followed by descriptions of
specific investigations pertaining to source areas (Section
2.3.2), geology and soils (Section 2.3.3), surface water and
sediments (2.3.4), groundwater (Section 2.3.5), and general

reviews (Section 2.3.6).

2.3.1 General Programs of Site Investigation

Most previous investigations and studies performed at SWSA 6 have
been conducted under one of the following programs:

o Study of contaminant releases to WOC watershed

o ETF site characterization
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O SWSA 6 DOE Order 5820;2 site characterization

o WAG 6 RI site characterization activities

0 WAG 6 RCRA groundwater monitoring

o Demonstration of potential closure technologies
0 WAG 6 RCRA ICM monitoring

© Tumulus project environmental monitoring

Some of these investigations focused on WAG 6; others focused on
other areas of ORNL, but included all or parts of WAG 6 within
their scope. The objectives and general scope of each program
are briefly outlined in the following paragraphs.

2.3.1.1 Study of Contaminant Releases to WOC Watershed. In
April 1983, a program was initiated at ORNL to: 1) assess

radiocactive contaminant contributions to the Clinch River from
wastes buried in the WOC watershed, and 2) implement appropriate
corrective measures. The scope of work included Seepage Trench 7
(in WAG 7) and SWSAs 5 and 6. Site characterization activities
conducted in connection with this program are reported in
periodic status reports (e.g., Duguid, 1976; Tamura et al., 1980)
and are described in subsequent sections.

2.3.1.2 ETF_Site Characterization. As part of DOE research and
development activities, ORNL designed and constructed an
experimental facility to investigate and demonstrate the
application of improved engineering techniques to the design of
land disposal facilities, specifically shallow 1land burial of
LLW. This facility was located in the western portion of SWSA 6,
an area not used for waste disposal. The program had four major
objectives: 1) to evaluate cement-based grouts and liners as
trench treatments to reduce infiltration, 2) to evaluate certain
site characterization techniques, 3) to integrate site
characterization with model development, and 4) to develop and
validate a model describing site performance. Numerous site
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characterization activities were conducted in support of the
second objective, and these activities are reported in Davis et

al. (1984).

2.3.1.3 DOE Order 5820.2 Site Characterization Activities. When

SWSA 6 was opened in 1969, little guidance was provided on site
characterization requirements for new LLW disposal sites. In
response to the subsequent establishment of such site
characterization guidance (DOE Order 5820.2 and NRC 10 CFR
Part 61), ORNL compiled existing SWSA 6 site information (Boegly,
1984) and subsequently prepared a characterization plan for
SWSA 6 to satisfy outstanding data needs (Boegly et al., 1985).
The primary emphasis of this investigation was to collect
geologic and hydrologic data necessary to understand the physical
and geochemical environment of the SWSA. The approach taken to
characterize the disposal environment focused on hydrology,
geochemistry, geology, and soils. During the course of these
activities, the events described in the following section
(2.3.1.4) transpired and resulted in a redirection of the SWSA 6

characterization activities.

2.3.1.4 WAG 6 RI Site Characterization Activities. In May 1986,

SWSA 6 was closed to burial operations by DOE pending an
investigation of the disposal of RCRA-regulated wastes in the
SWSA. It was determined that approximately 25 percent of the
landfill area of the site may have been used for the disposal of
RCRA-requlated wastes. In April 1986, ORNL revised its RCRA
Part A permit application to reflect hazardous wastes disposed
in SWSA 6 since 1980. In July 1986, the site was reopened for
disposal of LLW only, and SWSA 6 was designated as a RCRA-
regulated mixed waste site due to the hazardous wastes disposed
at the SWSA between 1980 and May 1986.

A draft RCRA closure plan was subsequently prepared for the site
and submitted to the regulatory agencies (IT,1986). The
closure plan specified preparation and implementation of an RI
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plan. In December 1986, the draft RI plan was completed (ORNL,
1986) . The plan was submitted to the regulatory agencies for
review, and ORNL commenced implementation of the plan. Specific
investigations conducted under the RI plan and the previous Site
Characterization Plan are discussed in subsequent sections.

2.3.1.5 WAG 6 RCRA Groundwater Monitoring. As part of the RCRA
3004 (u) assessment of the need for corrective actions at SWMUs,
ORNL has installed a series of groundwater quality monitoring
wells around the perimeter of SWSA 6 to determine if the site is
a source of continuing releases of hazardous constituents. In
addition, several wells of similar construction were installed
within the SWSA. Wells were sampled quarterly for one year and
analyzed for a range of chemical and radiological parameters.
Data are presented in Appendix A and summarized in Section 5.0.
Well installation is described in Hyde (1987) and Murphy (1988).
The RCRA sampling and analysis plan is described in Mortimer and
Ebers (1988).

2.3.1.6 Demonstration of Potential Closure Technologies. With

the objective of developing techniques applicable to the closure
of ILLW shallow land burial facilities, ORNL has conducted a
number of field trials of potential closure techniques. These
trials have included trench dynamic compaction (e.g., Spalding,
1986; Davis et al., 1989) and in-situ grouting of trenches (e.g.,
Spence, Godsey, and McDaniel, 1987; Spalding, Hyder, and Munro,
1985). Spalding et al. (1989) summarized most of these
demonstrations in a single document. For some of these field
trials, site characterization data were developed and reported in
the field trial documentation. These data generally pertain to
the geochemistry of trench waters and surrounding soils and, in
some cases, include data pertaining to trench water and soil
contaminants. Individual studies that generated environmental
data are described in Section 2.3.2.
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2.3.1.7 WAG 6 RCRA ICM Monitoring. A RCRA closure plan for
SWSA 6 (BNI, 1988a) was submitted to the regulatory agencies and
subsequently approved. This closure plan specified installation
of a RCRA ICM to begin on November 8, 1988. The ICM involved
construction of temporary caps over the RCRA-regulated areas

within SWSA 6. The caps are intended to reduce infiltration of
surface water into the covered trenches, and thus reduce the
probability of migration of contaminants from the capped areas.
Because the ICM involved considerable earthwork, post-
implementation monitoring is being conducted to determine
construction impacts on stream sediment size distributions and
contamination of sediments and surface water. Groundwater
monitoring is also being performed in the vicinity of the capped
areas to aid in assessing the effectiveness of the ICM. The
results of this monitoring are presented in a series of monthly
monitoring reports (Environmental Consulting Engineers, 1988) and

will be summarized in an annual report.

This section has briefly outlined the programs under which many
SWSA 6 studies have been conducted. The following sections
describe investigations that have yielded site characterization
data and are organized according to the following categories/
environmental media: source areas, soils and geology, surface

water and sediments, and groundwater.

2.3.1.8 Tumulus Project Environmental HMonitoring. The Tumulus

Disposal Demonstration Project (TDDP) was initiated as part of
continuing efforts to develop better waste management practices
for solid LLW. The TDDP was developed and implemented as part of
the Low Level Waste Disposal Development and Demonstration
(LLWDDD) Program. As this is a demonstration, intensive
monitoring and analysis are part of the overall project and will
provide the capability of evaluating the total performance of the
facility. Yager and Craig (1989) and Yager et al. (1989)
summarize, analyze, and evaluate environmental monitoring data
collected for the TDDP starting in June 1987. The environmental




data collected include ' run~-off water quality and quantity,
groundwater quality and 1levels, soil sampling and
hydrometeorological data. These data are analyzed to demonstrate
the environmental performance objectives for the TDDP as part of
the overall performance assessment. Comparisons are made between
pre-and post-operational data. The data indicate no significant
environmental impacts since operations began.

2.3.2 Source Characterization

The following paragraphs describe source information available
directly from ORNL's waste management records and the scope of
specific environmental investigations yielding additional source

characterization data.

2.3.2.1 SWSA 6 Waste Management Records. Waste disposal records
have been kept for each shipment of waste to SWSA 6 since the
SWSA was opened in 1972. These records are part of the ORNL
Solid Waste Disposal Log, a computerized data base documenting
each shipment sent to the SWSA. The nature of the data recorded
in the data base has evolved through three modifications as
described by Boegly et al. (1985) and Davis and Solomon (1987).
The three modifications are referred to as MOD 1, MOD 2, and
MOD 3.

MOD 1 was employed by ORNL from January 1962 through
December 1974. MOD 2 was employed from January 1975 to
March 1977. In general, MOD 1 and MOD 2 contain incomplete
information on the total radiocactivity in waste shipments and no
information on chemical (organic or inorganic) wastes.

In March 1977, MOD 3 was adopted in response to the development
of a nationwide data retrieval system by the National LLW
Management Program. This system, generally known as the Solid
Waste Information Management System (SWIMS), required that LIW
volumes and activity 1levels be itemized 1in eight nuclide
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categories: transuranium (TRU), uranium/thorium, fission
product, induced activity, tritium, beta-gamma TRU, alpha, and
other.

In general, the activities entered into the ORNL Waste Disposal
Log are estimates only, made by the waste generator at the time
of disposal. The wvalues in the log have not been reduced to
account for radioactive decay since disposal.

Information pertaining to excavation, operation, and backfilling
of trenches and auger holes is maintained in the SWSA 6 burial
ground operator's logbook. Surveyed trench coordinates are
maintained by the ORNL Engineering Division.

The data contained in the SWIMS and that maintained by ORNL
Engineering Division have been used by ORNL to generate site maps
that show trench and auger hole disposal locations and identify
the nature of wastes disposed in those locations (e.g., asbestos,
biological wastes, and low-activity wastes). These maps and the
SWIMS data base serve as the basis for understanding potential
radioactive contaminant source areas, which are described in
Section 5.0.

2.3.2.2 Summary of +the ORNI, SWSA 6 Waste Inventory: 1972
through 1986. Davis and Solomon (1987) created three separate

data bases by combining information from the ORNL Waste Disposal
Log, the WAG 6 operator's 1logbook, and the ORNL Engineering
Division survey records to render SWSA 6 waste management records
into a format more appropriate for performing site
characterization studies at SWSA 6.

In general, these data bases contain the type of trench/auger
hole, the trench/auger hole center coordinates, the opening and
closing dates of each trench/auger hole, comments found in the
SWSA 6 operators logbook, total trench/auger hole activity, and
the activities of radionuclides disposed. In addition, they
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computed the activity as of May 21, 1986 for radionuclides with
half-lives 1less than 100 years. Activity due to radioactive
daughters of 3identified radionuclides was not considered in

these calculations.

2.3.2.3 Trench Photos and Geologic Descriptions. ORNL (Davis et
al., 1986) took photographs and recorded geologic information for

17 trenches opened from July 1984 through September 1985.
Information collected includes photos of trench contents and
selected trench walls, a brief geologic description of the
profile revealed by the excavation, a range of depths of soil
cover, average geologic strike of strata, an estimated range of
geologic dip of strata, and the presence of water in the trench.
This information has aided in the understanding of site geology,
which is described in Section 4.0. The photos of typical waste
forms will aid in appropriate modeling of contaminant release and
in evaluating remediation alternatives during Phase II of the
RFI.

2.3.2.4 Environmental Studies of ORNI Waste Disposal Areas. As

part of an ongoing ORNL project to characterize contaminants
released from ORNL waste burial grounds to the Clinch River
(described in Section 2.3.1.1), water samples were collected from
26 trenches within SWSA 6 during 1976 (Tamura et al., 1980). The
concentrations of strontium-90, cobalt-60, and cesium-137 were
determined for each sample. These data are presented 1in
Section 5.0.

2.3.2.5 Trench Ieachate and Groundwater Sampling. With the
objective of gathering data with which to develop contaminant

source terms for use in modeling future site performance, Solomon
et al. (1988) sampled and analyzed leachate from 14 wells located
within trenches and water from five groundwater wells within SWSaA
6. Leachates were sampled from trenches 8, 41, 92, 135, 163,
219, 260, 257, 288, 315, 391, 405, 417, and 444. Groundwater was
sampled from Wells S-11, 647, 648, 649, and 650B.



Sampling occurred between March 1986 and July 1987. Samples were
field-analyzed for temperature, acidity, dissolved oxvgen, redox

potential, conductivity, and alkalinity. In the 1laboratory,
chemical analyses were performed for inductively coupled plasma
(ICP) elements, mercury, ammonia, inorganic and total carbon, and
major cations and anions. For seven of the trenches and all the
wells, analyses were also performed for the EPA Target Compound
List (TCL). Radiological analyses included gross alpha and gross
beta; specific alpha- " and beta-emitting radionuclides (if
indicated by gross analysis results); tritium, carbon-14, and
technetium-99; and determination of gamma-emitting radionuclides
by gamma spectroscopy.

In addition, four of the trenches (41, 92, 257, and 288) were
sampled on three separate dates to examine time-variations in
radiocactive contaminant concentrations and water chemistry. A
comparison of trench 1leachate contaminant concentrations with
ORNL waste disposal records indicated no useful correlation
between the two. The trench 1leachate contaminant data are
presented in Section 5.0.

2.3.2.6 Trench Bottom Soil, Cap Soil, and ILeachate Sampling. As
part of studies connected with field scale demonstrations of

trench closure techniques, soil samples were collected on July 1,
1988 from the bottom of trenches 2, 3, 4, 5, and 6, and from the
cap of Trench 3 (Davis et al., 1989). Samples were screened in
the field for gross beta/gamma activity and were analyzed in the
ORNL laboratory for cesium-137, cobalt-60, and strontium-90.

Between October 27 and November 20, 1987, during trench void
space determination, trench water sampleés were collected for
analyses (Davis et al., 1989). The samples were of waters
injected into the trenches during trench void space
determination. They were characterized by measuring pH,
electrical conductivity, dissolved solids, hardness, alkalinity,
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and gross alpha and gross beta activities. These analyses were
also performed on a sample of water from the EWB, which served as
the source of water employed during the trench void space

determinations.

2.3.2.7 Trench Ieachate Sampling for Trench 271. In the course
of a field demonstration of dynamic compaction on trench 271

within SWSA 6 during 1985 (Spalding, 1986), samples of water
being pumped into the trench for the determination of void space
and samples of the resulting trench leachate were collected and
analyzed for pH, electrical conductivity, dissolved solids,
hardness, alkalinity, and gross alpha and beta activity. Samples
of groundwater from wells around the trench were collected prior
to pumping water into the trench and were analyzed for the same

parameters. Radiological results are presented in Section 5.0.

2.3.2.8 Reactor Components Discharged from the High Flux Isotope
Reactor (HFIR) and Disposed in SWSA 6. Kelmers and Hightower

(1987) completed a study to characterize the potential release
rates of radionuclides from HFIR wastes placed in SWSA 6. The
study included a review of contributions of HFIR wastes to the
radioactive inventory at SWSA 6, a description of HFIR wastes and
the placement technique, and geochemical conditions at SWSA 6.
This study involved no sampling or analysis. but contains
detailed descriptions of the HFIR wastes. The information
contained in Xelmers and Hightower (1987) will be used, as
appropriate, in support of contaminant transport modeling
conducted during Phase I, Activity II of the RFI.

2.3.3 Geologic and Soils Investigations

The following paragraphs describe some of the previous
investigations that ©resulted in site soils and geological
information. With a few exceptions, only site-specific

investigations are described; however, there have been numerous
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projects conducted by ORNL that have yielded geologic and soils
information for Melton Valley in general.

2.3.3.1 Investigation Prior to Opening of SWSA 6. Prior to the
use of SWSA 6 for waste disposal, the site was the subject of a

geohydrologic assessment, which was documented by Lomenick and
Wyrick (1965). Wells were installed to depths of up to 20 ft
during the investigation. Soils and geologic information was
collected during drilling, and this information has been
considered in the development of the description of site geology,

as presented in Section 4.0.

2.3.3.2 ETF (Engineered Test Facility) Geologic and Soils
Investigations. The framework for the ETF project is described

in Section 3.2.1. ETF soils investigations reported in Davis et
al. (1984) included evaluation of radionuclide adsorption
properties, soil chemical properties, soil physical properties,
and morphology. Radionuclide distribution coefficients were
determined in the laboratory for americium-241, strontium-90,
cesium-137, cobalt-60, iodine-125, iron=-59, and chromium-51.

For soil chemical properties, exchangeable cations were
determined by elemental analyses of calcium, magnesium,
potassium, and sodium. Exchangeable acidity and cation exchange
capacity (CEC), percent base saturation, percent organic matter,
pH, and hardness were also determined. Soil physical properties
reported include bulk densities and approximate particle size
distributions. For the soil morphological descriptions,
parameters such as soil color, texture, aggregate structure, and
plant root density and penetration were noted.

The investigation of site-specific geology included examination
of 1lithology, structure, and chemical. properties of the
underlying geologic formation. Information was collected by
coring eight boreholes drilled for installation of wells at the
ETF. The investigation of 1lithology included visual



classification of the rock cores, x~ray diffraction of selected
core samples to determine clay mineralogy, and geophysical
logging of the boreholes. Geophysical logging included natural
gamma and neutron attenuation logs. Structure was investigated
by observation of trench excavations, evaluation of surface
geophysical data, and visual observation of drill samples. The
surface geophysical investigation to characterize geology
included three surface geophysical methods: shallow electrical
resistivity, shallow seismic refraction, and ground penetrating
radar (GPR).

The chemical and radionuclide adsorption properties of the
saprolite were characterized using samples of cuttings collected
during drilling. Radionuclide distribution coefficients,
chemical analyses, and physical property determinations were also
performed.

The data developed during the course of the ETF investigations
have aided the understanding of site geology (described in
Section 4.0) and will be employed, as appropriate, to support
modeling of contaminant transport during Phase I, Activity II of
the RFI.

2.3.3.3 Data Developed During Construction of the 49-Trench

Drain. During construction of a French drain for diversion of
groundwater in the 49 Trench area in SWSA 6, geologic and soils
data were collected from the trench excavation (Davis and
Stansfield, 1984). The thickness and nature of surficial soils
and the 1lithology of the consolidated strata were recorded.
Fracture density and orientation, folds, and a fault were
documented. The geologic and soils data developed during this
project have aided the overall understanding of the geology of
WAG 6, which is described in Section 4.0.

2.3.3.4 Soil Survey of SWSA 6. Lietzke and Lee (1986) completed
a soil survey of SWSA 6. During this survey, soil mapping was
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accomplished at a scale of 1:1200 by walking over the entire
site, making periodic observation of landforms and soils. As a
result, SWSA 6 soils were segregated into nine different map
units. For each map unit, a record was made of soil genesis,
soil <classification, soil <color, and pH. This soil
classification has supported a better understanding of the
surficial geology of WAG 6 (Section 4.0) and may be employed in
support of geotechnical design of WAG 6 remedial and closure

measures.

2.3.3.5 Soil and Saprolite Characteristics in SWSA 6. 1In 1987,
Ammons et al. (1987) completed an investigation of soil and

saprolite characteristics in SWSA 6. The objective was to
collect general information regarding the chemical,
mineralogical, physical, and engineering properties of soils and
saprolite within SwWsa 6. Soil and saprolite samples were
collected from five soil profiles within the SWSA. Physical
analyses included size distribution, Atterberg 1limits, bulk
densities, and specific gravity. Mineralogical analyses included
x-ray diffraction and differential scanning colorimetry.
Micromorphological analyses included petrographic analysis on
thin section samples and examination with a scanning electron
microscope. Chemical analyses included soil pH, organic carbon,
calcium carbonate equivalent (CCE), exchangeable bases,
exchangeable acids, and CEC. As noted for the soil survey
conducted by Lietzke and Lee (1986), this investigation supports
a better understanding of WAG 6 surficial geology and may be used
in support of geotechnical remedial design.

2.3.3.6 Shallow Trench Characterization Study. The general
objective of this investigation was to characterize the

orientation and density of fracture networks in saprolite in
SWSA 6 (Dreier and Beaudoin, 1986). Ten investigation trenches
were constructed. Trenches were aligned as close to parallel or
perpendicular to geologic strike as possible. Each trench was
mapped at a scale of 1:120. All bedding, fracture, fault, and
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fault orientation data were recorded and plotted on maps. In
addition, fracture densities were measured at 10-ft increments in
the trenches. Results of this study have contributed to the

current understanding of WAG 6 surficial geology.

2.3.3.7 Other Investigations. Other investigations that

resulted in collection of soils and geologic information
pertinent to SWSA 6 are briefly described in the following
paragraphs. In general, these investigations focused on other
topics and yielded only minor soils and geologic data, or were
not specific to SWSA 6 but yielded data pertinent to SWSA 6.
Results of the investigations described below have been used in
Sections 4.0 and 5.0. During Phase I, Activity II of the RFI,
data regarding soil physical and chemical characteristics will be
used, as appropriate, to support contaminant transport modeling.

Spalding, Hyder, and Munro (1985) describe a field trial of
grouting three small test trenches within SWSA 6. As part of
the project, measurements of hydraulic conductivity were made in
four borings around the three test trenches. In addition, soils
encountered during the excavation of the trenches were described.
In another remedial action demonstration, Spalding (1986)
dynamically compacted Trench 271 within SWSA 6. In conjunction
with this project, trench cover soil bulk density and moisture
contents were measured. In addition, surface water infiltration
rafes were measured for the trench cover soils, both before and
after dynamic-compaction. As part of the TARA project, Davis et
al. (1989) collected considerable site characterization data.
Trench cover soil bulk density and moisture contents were
measured both before and after dynamic compaction. Around the
trenches, 39 Standard Penetration Tests (SPTs) were performed.
Samples of trench bottom soil were collected from five trenches
and screened for radioactivity in the field. The samples were
subsequently dried and submitted for determination of cesium-137,
Eobalt-so, and strontium-90. Of the samples collected, those
with the 10 highest readings were analyzed for volatile organic
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compounds (VOCs). These selected samples were also analyzed for
cesium-137, cobalt-60, and strontium-90.

Considerable site characterization data have been collected for
the proposed SWSA 7, located to the east of SWSA 6 within Melton
Valley. These site characterization data, while not specific to
SWSA 6, are useful supplementary information because SWSA 7 is
situated on the Conasauga Group (as is SWSA 6). Lomenick et al.
(1983) described an initial evaluation of the ORNL area for
potential SWSA sites. This investigation primarily involved
reviewing existing information and involved only minor amounts of
field work. The investigation focused on Melton Valley,
underlain by the Conasauga Group, and contains descriptions of
Melton Valley soils. Rothschild et al. (1984a) provided a soils
characterization of the proposed SWSA 7 site. The study included
a soil survey, determination of mineralogy, and an assessment of
soil hydraulic properties, radionuclide adsorption properties,
chemical properties, engineering properties, and erosion
potential. Rothschild et al. (1984b) presents the results of a
geohydrologic investigation of the proposed SWSA 7, which
addresses in some detail site geology, surface water, and

groundwater.

As reported in Davis et al. (1987) in the second half of 1986,
drilling was initiated on a deep corehole south of White Oak
Lake. This hole, designated as WOL-1l, was drilled to sample
lithologies of units that immediately underlie SWSA 6 and for
hydrofracture investigations. Cores were retrieved and visually
logged in detail. The corehole was then logged with a variety of
geophysical instruments to determine lithology. 1In addition to
lithologic logging, the core was logged to record structural
fabrics and fracture densities. This investigation provided
information on the bedrock stratigraphy of the Conasauga Group
underlying SWSA 6.




2.3.4 Surface Water and Sediment Investigations

The following paragraphs describe previous site-specific surface

water and sediment investigations for SWSA 6.

2.3.4.1 ETF Surface Water Investigations. As part of a study to
assess the performance of selected site characterization
techniques, a test site was established in the western portion of
SWSA 6 (Davis et al., 1984). Investigation of the ETF included
surface water data collection. The characterization of surface
water hydrology included both an evaluation of the quality and
the quantity of surface water flow. Parshall flumes equipped
with automated flowmeters and flow proportional water samplers
were placed in both channels draining the ETF site. Surface
water sampling included the collection of a mixture of
proportional and grab samples from both streams over an extended
period of time. In addition to surface water flow measurements
and sampling, an investigation of surface water infiltration
rates was completed. This involved the installation of a group
of six infiltrometers around the ETF site. Surface water flow
data were collected over a 30-month period extending from
October 1980 to March 1983. Water quality and radionuclide
analyses were performed once a gquarter to determine baseline
conditions at the site. In addition, weekly grab samples were
collected and monitored for pH and electrical conductivity.
Radionuclide analyses have been considered in assessing the
nature and gxtent of contamination at WAG 6.

2.3.4.2 49 Trench Area French Drain Sampling. Davis and
Marshall (1988) reported on the effectiveness of the 49 Trench

area drain, which was installed to suppress the groundwater table
in that area. Surface water samples were collected from the
outlets to the north and east legs of the drain and from the
49 Trench area west creek seep. Samples were analyzed for
tritium, strontium-90, cesium-137, and cobalt-60. These data are
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considered in the assessment of the nature and extent of

contamination in Section 5.0.

2.3.4.3 UsGs Precipitation Data Collection. Webster et al

(1982) summarize precipitation data for January 1976 through
December 1980 for two stations; one each in SWSA 5 and SwWSa 6.
Daily, monthly, and annual values are reported.

2.3.4.4 USGS Hydrologic Interpretation of Melton Valley.
Webster and Bradley (1988) have reviewed existing geologic and

hydrologic data pertaining to SWSAs 4,5, and 6, all located in
Melton Valley. Based on this review, they drew conclusions
regarding the general hydrology of Melton Valley and implication
for contaminant transport. Surface water, regolith, and bedrock
hydrology are discussed individually. The authors concluded that
the two primary modes of contaminant transport are by dissolution
in circulating ground-water and the overflow of trench leachate
and subsequent flow across the ground surface.

2.3.4.5 Site Characterization Activities -~ Surface Water. As
part of SWSA 6 site characterization efforts in support of
closure planning, a review and data collection were performed to
compile data through July 1986 for water balance studies.
Precipitation data (1980 through 1986) and streamflow data for
the three major drainages in SWSA 6 were collected (June 1985 to
July 1986). These data will be employed during contaminant
transport analyses to be conducted during Phase II of the RFI.

2.3.4.6 1981 WOC and Tributaries Streambed Contaminant Survey.
Cerling and Spalding (1981) completed a comprehensive assessment

of strontium-90, cobalt-60, and cesium-137 concentrations in
streambed gravel from contaminated drainages in WOC. In
addition to the WOC main channel and the major tributaries,
several samples were collected from the minor tributaries in

SWSA 6. Radionuclide distribution coefficients were also
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determined. Radionuclide concentrations in WAG 6 are discussed

in Section 5.0.

2.3.4.7 Investigation of Bedload Transport of Contaminated

Gravel. During this investigation of contamination within the
WOC drainage, four locations were sampled within SWSA 6. Samples
were analyzed for strontium-~-90, cobalt-60, and cesium-137
(Cerling and Huff, 1985). A sample from one location within the
SWSA was analyzed for selected metals, including copper,
potassium, 2zinc, manganese, and iron. Radionuclide

concentrations in WAG 6 are discussed in Section 5.0.

2.3.4.8 Toxicity Tests on Water from Streams Near SWSA 6.

Samples representative of both wet and dry seasons were
collected from a stream at the east side and a stream on the west
side of SWSA 6 (Stewart, 1989). A bioassay was performed on the
water samples to assess toxicity. Aside from the Y“wet weather"
sample collected from the stream on the west side of SWSA 6, the
water samples did not show evidence of toxicity.

2.3.4.9 Other Investigations. Surface water quality monitoring
for physical parameters and selected radionuclides has been
performed as part of the ICM environmental monitoring. This data
is discussed in Section 5.0 and Appendix B.

Though not specific to SWSA 6, the hydrological characterization
and interpretation performed as part of the geohydrological
investigation of the proposed SWSA 7 may provide supplementary
information of value to SWSA 6. The hydrological
characterization of SWSA 7 included flow measurements and a
computed water balance (Rothschild et al., 1984Db).

2.3.5 Groundwater Investigations
The following paragraphs describe previous groundwater

investigations and reviews that are either WAG 6 specific or are
of general relevance to the site.
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2.3.5.1 Preoperational Geohvdrologic Evaluation of SWSA 6.

Before SWSA 6 was selected for waste disposal operations,
Lomenick and Wyrick (1965) conducted a geohydrologic evaluation
of the site. Groundwater elevations were collected by
installing a series of wells to depths of up to 20 ft, and taking
measurements of the water level in these wells periodically
during October 1964 to July 1965. Analysis of the results and
recommendations regarding appropriate practices for shallow land
burial are presented in the report.

2.3.5.2 USGS Hydrologic Data Collection. Webster et al (1980)
summarize data for the period 1975 to 1979 for approximately 100
wells installed at SWSA 6. The data includes an inventory of
wells, measurements of water levels, well hydrographs, and a map
showing the 1location of the wells. Webster et al (1982)
summarize precipitation data for January 1976 through December
1980 for two stations; one each in SWSA 5 and SWSA 6. Daily,
monthly, and annual values are reported.

2.3.5.3 1985 Scoping Survey of Contaminants. Taylor and Doyle
(1985) describe a scoping survey of contaminants in selected ORNL

waste disposal areas. SWSA 6 wells sampled during the survey
included Wells 272, 279, 305, 371, 380, and 382. - The samples
were analyzed for metals and radioisotopes (i.e., strontium-90,
cobalt-60, and cesium-137).

2.3.5.4 ETF Groundwater Investigations. The framework for the
ETF studies is described in Section 3.2.1. The ETF site
characterization program included considerable efforts to
evaluate aquifer characteristics, water table fluctuations and
the groundwater flow system, and water chemistry (Davis et al.,
1984). The investigation of aquifer characteristics included
tracer tests, pumping tests, and a series of slug tests. Water
levels were continuously monitored in 15 wells located on the ETF
site, and approximately 30 months of the data were recorded.
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Groundwater chemistry was evaluated by collecting monthly

groundwater samples from 12 wells. All samples were analyzed

for major cations and anions, as well as trace metals and
radionuclides. No samples were analyzed for organics. Aquifer
characteristics determined in this study are included in Section
4.0. These data and groundwater chemistry data will be employed,
as appropriate, in contaminant transport modeling during Phase I,
Activity II of the RFI.

2.3.5.5 Hydraulic Head Measuring Station (HAMS) Program. ORNL
initiated the HHMS program with three objectives: 1) to

characterize hydraulic head 1levels in and near ORNL waste
management areas, 2) to characterize Melton Valley geology, and
3) to determine groundwater quality at the respective locations.
The program involved the installation of 11 well clusters, each
consisting of a shallow well (approximately 80 ft deep), an
intermediate well (approximately 200 ft deep) and a deep well
(approximately 400 ft deep). Hydrologic testing and geophysical
logging were performed on selected boreholes during well
installation. In addition, water samples were collected and
analyzed to assess groundwater geochemistry. A particular
objective of the HHMS program is to evaluate the transition
between the upper aquifer ‘and the lower aquifer. A summary of
HHMS data and results are presented by Dreier and Toran (1989).
This work has contributed to the current understanding of
hydrogeologic systems underlying SWSA 6.

2.3.5.6 Shallow Constant Head Tracer Tests. As part of the
activities specified in ORNL's draft SWSA 6 RI plan (ORNL, 1986),
several constant head tracer tests were conducted in the fall of
1986 and 1987 during similar hydrologic conditions (Davis et
al., 1987). The test configuration consisted of a central
injection hole and six boreholes arranged around the injection
hole each of which contained two piezometers, one deep and one
shallow. Water with a tracer was injected in the central hole,
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and water levels and the presence of tracer were monitored in the
piezometers. This work is summarized by Davis et al. (1987).

2.3.5.7 TARA Groundwater Investigations. The TARA project
involved the installation of 13 PVC groundwater wells. Water
level data sufficient to construct hydrographs for each well from
the period April 1987 to August 1988 are presented in this
report. Response of monitoring wells to trench water pumping
tests conducted in July and October 1987 is included on the
hydrographs.

Groundwater sampling was conducted between November 18 and 23,
1987, and included collection of samples from each of the 15
wells. Field measurements included temperature, pH, dissolved
oxygen, and electrical conductivity. In addition, samples were
submitted for laboratory analysis for elements using ICP
analysis, hardness, alkalinity, total organic carbon (TOC), total
dissolved solids (TDS), 91 semivolatile organic compounds
(SsvoCs), radionuclides, mercury, potassium, and major anions. To
determine how groundwater gquality changed witﬁ time, additional
samples were collected from the 15 wells in May 1987, November
1987, June 1988, and August 1988. These samples were analyzed
for pH, electrical conductivity, hardness, alkalinity, dissolved
solids, tritium, and gross beta and gross alpha radioactivity.
Methods, procedures, and data are presented in Davis et al.
(1989). These data were considered in the assessment of the

nature and extent of contamination in WAG 6.

2.3.5.8 Piezometer Well Program. Under the ORNL piezometer well
installation program, 21 piezometers have been installed in
SWSA 6. As described by Mortimore (1987a; 1987b), during
installation, cuttings were monitored for radioactivity, and
samples of water and soil cuttings were submitted for laboratory
radiological and chemical analyses. Hydrologic testing was
performed on the piezometers and water 1level data have been
recorded.
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2.3.5.9 RCRA Monitoring Well Progran. As described in

Section 2.3.1.5, ORNL has undertaken a compliance groundwater
monitoring program at WAG 6 (Mortimer and Ebers, 1988). To date,
four quarters of groundwater data have been obtained. These data
are presented in Technical Memorandum 06-07, "Validation of ORNL
Groundwater Data." Also, hydraulic conductivity testing has been
conducted on these wells, and water 1level data have been

recorded.

2.3.5.10 Other Investigations. Spalding, Hyder, and Munro
(1985) describe a field trial of grouting three small test
trenches within SWSA 6. As part of the project, measurements of
hydraulic conductivity in the unperturbed soil formation in four
borings around the three test trenches were performed.

Moore (1988a and 1988b) describes the 6caurrence, size, depth,
spatial frequency, and hydrologic significance of cavities in the
fractured rock aquifers. The analysis in this report is based
upon numerous observation wells and borings drilled in the ORNL
area since 1949. The review includes an analysis of fractures
within the Conasauga Group, which underlies SWSA 6.

Moore (1988c) recently completed a comprehensive analysis of
existing groundwater data in the ORNL area and developed concepts
regarding groundwater occurrence and flow. While specific local
flow systems and local problems in ORNL SWSAs (e.g., such as SWSA
6) are not discussed, the results contribute to the overall

understanding of groundwater flow at SWSA 6.

Groundwater quality and water table data have been collected in
conjunction with Tumulus environmental monitoring (Yager and
Craig, 1989; Yager et al, 1989) and water table elevation data
have been collected in conjunction with ICM environmental
monitoring. As previously noted, Tumulus environmental
monitoring data indicates no significant contamination. Water
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table data from both the Tumulus and ICM programs contributes to
the understanding of local hydrologic conditions in WAG 6.

Off-site field investigations that may provide supplemental
information of value for characterizing SWSA 6 hydrogeology
include pumping tests performed in 1971 and 1972 by McMaster
(1971, 1972). In addition, a hydrogeologic investigation was
performed for the proposed SWSA 7 located in Melton Valley to the
east of SWSA 6 (Rothschild et al., 1984). Because the proposed
SWSA 7 has similar topography and is 1located over the same
geologic formation (Conasauga Group) and in the same
hydrogeologic setting, this site characterization data may be of
use in understanding the hydrogeology of SWSA 6.

2.3.6 General Reviews

A number of studies have been completed that synthesized and/or
interpreted previous information regarding the geology, surface
water hydrology, and hydrogeology of the ORNL area, including
SWSA 6. These include Lomenick and Wyrick (1965), Webster
(1976), Duguid et al. (1977), Grizzard (1986), and Moore (1988a;
1988b). In general, these studies did not involve a great amount
of site characterization pertinent to SWSA 6. However, the
interpretations made form part of the progression of
understanding SWSA 6 hydrogeology.




3.0 SITE INVESTIGATION

Summaries of the objectives and procedures for the various
Phase 1, Activity 1 RFI activities conducted at WAG 6 are
presented below. These activities include: review of RFI
analytical data quality, RFI well evaluation, soil gas and well-
headspace surveys, surface radiological investigation, surface
water investigation, geophysical electromagnetic survey, review
of ORNL groundwater data quality, monitoring of well
installation, groundwater investigation, bichazard investigation,

management of RFI-derived waste, and soil investigation.

Details of each Phase 1, Activity 1 RFI task and complete data
summaries are included in the technical memorandums 1listed in
Table 3-1 and included in Appendix A of this report.

3.1 DATA QUALITY REVIEW (TECHNICAT, MEMORANDUM 06-01)

All Phase 1, Activity 1 RFI analytical results were reviewed to
determine if the intended data quality objectives (DQOs) were
met. Three levels of data review were used, depending on the
level of quality control appropriate to different DQOs.

Level III data included analysis for Target Compound List (TCL)
organics, TCL inorganics, and radiocactive constituents for
selected samples. Data packages met EPA Contract Laboratory
Program (CLP) requirements for deliverables and quality control
(QC) ("CLP" or "CLP-like" data packages). This includes
analytical data, QC summary forms, raw data, and instrument
printouts. For Level III, which was the most rigorous level, all
sample and QC results (including raw data) were reviewed for
precision, accuracy, representativeness, comparability, and
completeness (PARCC).

Level II data included TCL organics; TCL inorganics, major ions,
and conventional water quality parameters including biochemical




TABLE 3~-1

RFI TECHNICAL MEMORANDUMS

Technical
Memorandum Title

06-01 RI/FS Data Quality Review

06-02 RFI Well Evaluation

06-03 Soil-Gas Survey (Phase 1, Activity 1).

06-04 Surface Radiological Investigation (Phase 1,
Activity 1)

06-05 Surface Water Investigation (Phase 1, Activity 1)

06-06 Electromagnetic (EM) Survey

06-07 Validation of ORNL Groundwater Data

06-08 Monitoring Well Installation (Phase 1,
Activity 1)

06-09 Groundwater Investigation (Phase 1, Activity 1)

06-10 Biochazard Investigation (Phase 1, Activity 1)

06-11 Waste Management (Phase 1, Activity 1)

06-12 Soil Investigation (Phase 1, Activity 1)
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oxygen demand (BOD), - chemical oxygen demand (COD), and
fecal coliform. Data packages included analytical data and
summaries of QC results. Level II review was similar to Level
III, except raw data were not reviewed.

Level I data included the RCRA waste classification analyses (EP
toxicity, reactivity, corrosivity, and ignitability), ICP scan
for metals, TOC, total organic halides (T0X), and radioactive
constituent analyses. For Ievel I, the sample results were
reviewed for completeness, comparability (of analytical method
and concentration units), and representativeness of the data. 1In
addition, all data were reviewed for contract compliance. Sample
results were gqualified (flagged) by both the analytical
laboratory and the data reviewer to indicate data that may have a
reduced level of data quality due to problems with the field
and/or analytical techniques. Definitions of the qualifiers are
given in this technical memorandum.

3.2 EXISTING WELL INVESTIGATION (TECHNICAL, MEMORANDUM 06-02)

The existing well investigation consisted of a field
reconnaissance to evaluate well suitability for monitoring water
levels and water quality sampling. Existing wells included 30
water quality monitoring wells, 25 piezometers, and other
selected wells in, or immediately adjacent to, WAG 6.

Field reconnaissance included a visual inspection of the wells,
measurements of well depth and water depth, and confirmation of

well construction details.

3.3 SOIL GAS INVESTIGATION (TECHNICAI, MEMORANDUM 06-03)

Soil gas investigations were conducted to identify the presence
of VOCs around the perimeter of selected trench areas in SWSA 6
and used with other nondestructive surveys to identify potential




N

VOC contaminant plumes,. locate sampling points, and determine

areas in need of more detailed investigation.

Phase 1 soil gas sampling was conducted in three separate phases.
The first phase consisted of. collecting and screening 84 soil and
well gas samples (headspace) with field analytical instruments.
Areas with elevated VOC concentrations were resampled during the
second phase and analyzed with a portable gas chromatograph (GC).
In general, sample depths ranged from 4 to 9 ft. During the
third phase, non-intrusive surface organic sampling devices were
placed, retrieved, and analyzed by Quadrel Services, Inc.

3.4 SURFACE_ _RADIOIOGICAL INVESTIGATION (TECHNICAL MFEMORANDUM
06-04

A radiation walkover survey was conducted to provide a quick
look at surface radiation levels for the purpose of defining
site-specific health and safety practices. Additionally, the
information was used to characterize the site surface radioactive
contamination. The survey consisted of a surface scan and
discrete measurements made at defined locations. The purpose of
this survey was to aid in delineating near-surface source areas
and to provide a first estimate of relative, near-surface
environmental contamination levels at the site. Approximately
74 percent of WAG 6 (or 20 hectares) was covered by the survey
with the remainder of the site being inaccessible due to dense
undergrowth or active waste disposal. Four types of measurements
were made: a continuous near-surface gamma radiation survey made
from within 15 cm of the 1land surface, fixed-position gamma
measurements and made at a distance of 30 cm above grade, total
beta-gamma radiation level measurements made in contact with the
local surface, and gamma radiation exposure rate obtained at a
height of 1 m above the local surface.




3.5 SURFACE WATER INVESTIGATION (TECHNICAT, MEMORANDUM 06-05)

The surface water from 16 locations on intermittent streams and
at seeps in WAG 6 was sampled in February, April, and May 1989.
The three primary objectives of the program were to: 1) provide
data to help define the extent of contamination of surface waters
in WAG 6, 2) provide data to aid in the definition of contaminant
migration pathways, and 3) provide data to support development of
remedial action alternatives.

This report contains the results from three surface water
sampling events as follows:

o February 1989 - Base flow during the high groundwater level
period prior to installation of the ICM cap

o April 1989 - Base flow during high groundwater level, after
installation of the ICM cap

o May 1989 - Storm event flow during high groundwater level

Water in the EWB was also collected and analyzed in conjunction
with the surface water sampling events. A total of 31 samples
were collected and analyzed for TCL organics, TCL inorganics,
radioactive constituents, anions, TDS, sulfide, alkalinity, COD,
TOC, TKN, BOD, and fecal coliform.

Sampling during the low groundwater level period, both baseflow
and stormflow events, occurred in the fall of 1989. The results
from these sample events will be presented in the WAG 6 RFI
Report.




3.6 ELECTROMAGNETIC (EM) SURVEY (TECHNICAT, MEMORANDUM 06-06)

An EM terrain conductivity survey was conducted at WAG 6 in
November 1988. The specific objectives of the survey were to:

© Aid in the identification of potential contaminant plumes, and

o Aid in the 1location of future groundwater wells and test
borings.

Twenty-three survey 1lines, oriented east-west on the ORNL grid
system, were spaced 100 ft apart to cover the WAG 6 area inside
the intruder fence. Data were collected at 10-ft intervals along
the lines with the data point being the midpoint between the
transmitter and receiver. Interpretation of the EM survey data
was based on general conductivity wvalues and location of any
conductivity anomalies.

3.7 VALIDATION OF EXISTING ORNL GROUNDWATER DATA (TECHNICAIL
MEMORANDUM 06-07)

The analytical methods and QC procedures applied by ORNL for the
analysis of SWSA 6 groundwater samples and the available
documentation were reviewed in February 1989 to determine
whether the existing groundwatér data generated by ORNL meet the
DQOs established for the ORNL RI/FS project.

The existing ORNL groundwater data are derived from four sampling
rounds (June through September 1988; October through December
1988; January through March 1989; and April through June 1989)
at 8 site characterization wells, 15 perimeter wells, and 7
upgradient wells. All samples were analyzed for organics,
inorganics, and radiologic constituents.

For all parameters, the level of QC applied was equivalent to, or
higher than, the 1level of QC required by the project for the
analysis of WAG 6 samples. The methods used and the available
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documentation were consistent with the requirements established
for WAG 6 work.

3.8 MONITORING WELL, INSTATIATION AND DEVELOPMENT (TECHNICAL

MEMORANDUM 06-—08)

Nine monitoring wells were installed at selected locations based
on information obtained during the subsurface soil sampling and
in areas where data gaps were identified from the evaluation of
existing wells.

Three of the nine monitoring wells installed were installed as
stormflow zone wells, which were screened above the normal range
of the water table and below the influence of overland flow. The
other six wells were installed as shallow groundwater monitoring
wells. Three of these wells may also be influenced by stormflow
due to the shallowness of the water table.

3.9 GROUNDWATER TINVESTIGATION (TECHNICAI MEMORANDUM 06-09)

The general objectives of the groundwater investigation as
conducted in the Phase 1 RFI were to:

0 characterize the movement of groundwater in the area of WAG 6,
including the stormflow zone;

o characterize groundwater quality in the vicinity of WAG 6 and
to determine the presence of possible contaminant plumes;

o determine interactions between surface water (e.g., in seeps,
streams, and impoundments) and groundwater; and

o addressing the above, to determine the need for, and location
of, additional site investigation sampling.

Sampling and analysis of groundwater was conducted to investigate
the types and concentrations of contaminants currently present in
the groundwater and to assess the potential for migration of




contaminants from WAG 6 using flow directions and rates,
groundwater geochemistry, and the amount and character of

contaminants found.

All groundwater samples were analyzed for TCL organics, TCL
inorganics, and radioactive constituents. The nonstorm event
samples were also analyzed for fecal coliform, anions (iodide,
bromide, fluoride, chloride, nitrate, phosphate and sulfate),
TOC, TOX, TKN, COD, BOD, and TDS.

Water level measurements were made in the wells periodically,
usually in conjunction with sampling events, to obtain
information used in assessing flow direction at the site and in
investigating the relationship between groundwater, surface
water, and precipitation.

3.10 BIOHAZARD INVESTIGATION (TECHNICAT, MEMORANDUM 06—-10)

A Dbiohazard investigation was conducted to determine if the
microbiological content of the soils, surface water, and
groundwater at WAG 6 1is of normal character. Samples were
analyzed primarily for bacterial content.

Seventeen soil sampling locations were sampled at a depth up to
1 m. All samples were taken downgradient of the biological waste
trench areas. A total of 44 water samples were taken in two
phases; groundwater samples were taken from the existing RCRA
monitoring wells (the well number 800 series), and surface water
samples were taken at the gauging stations as they existed in
August and November 1988 and at the White 0Oak Lake control
structure.
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3.11 WASTE MANAGEMENT (TECHNICAL, MEMORANDUM 06-11)

This technical memorandum summarizes types, segregation and
classification techniques, packaging, and disposition of wastes
generated during the WAG 6 RFI.

Several types of wastes were generated. Whenever possible,
wastes were segregated at the point of generation. Other
materials were segregated according to their form and field

screening results.

With the exception of spent personal protective equipment (PPE),
which was disposed as suspect LLW, all waste materials were
composite sampled and analyzed for the four RCRA waste
characteristics (EP toxicity, corrosivity, ignitability, and
reactivity) and radioactivity. Wastes not exhibiting any of the
four RCRA hazardous waste characteristics were classified as
suspect LLW. All wastes. were turned over to ORNL Waste

Operations for disposal.

3.12 SOIL INVESTIGATION (TECHNICAT, MEMORANDUM 06-12)

The three primary objectives of the soil investigation were to:
o Provide data to help define the extent of soil contamination
in WAG 6

o Provide data to aid in the definition of contaminant migration
pathways

o Provide soils engineering data to support development of
remedial action alternatives

A total of 53 borings were drilled and sampled continuously to
auger refusal between December 1988 and January 1989. Borings
ranged in depth from 5.4 ft to 51.2 ft. As samples were
collected, they were surveyed for chemical and radiological
contamination using field instruments. Based on the results of
the field screening, a total of 63 samples were collected and




submitted for analysis  of TCL organics, TCL inorganics, and

radioactive constituents.

Soil borings were placed around the perimeters of the waste
disposal areas. Trenches and auger holes themselves were not
sampled for two reasons: the difficulty in characterizing
heterogeneous waste materials and the hazards presented by

drilling into unknown waste materials.
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4.0 PHYSICAL CHARACTERISTICS

4.1 TOPOGRAPHY

WAG 6 is located in the irregularly dissected terrain of Melton
Valley between Haw Ridge to the northwest and Copper Ridge to the
southeast. * The present topography reflects a long history of
episodic erosion processes. Many valleys of this area are
characterized by a high drainage density (Webster and Bradley,
1988) . In Melton Valley, numerous short tributaries to the
principal streams occur at intervals seldom greater than 2000
feet. Because of drainage density and burial ground size,
drainages are included within each burial ground and one or more
drainages provide a natural boundary to each site. Davis et
al. (1987) note that drainage paths tend to develop in areas of
close joint spacing or relatively more fracturing, or in areas
reflecting drainage networks of earlier erosion cycles.

Figure 4-1 shows that within WAG 6 there are four principal
surface water drainages (FA, FB, DA, and DB) forming a gently
undulating topography. Almost all of the WAG 6 land surface
drains southeastwardly toward White Oak Lake (WOL), or the
adjacent marshy area. Two drainage paths flow northeastwardly.
one flows through the EWB and both consequently flow southward to
an unnamed tributary which ultimately drains to the marshy area
(which defines the approximate high-water level of WOL).

Ground surface elevations range from about 750 ft adjacent to
White Oak Lake at the southern boundary and eastern perimeter of
the site to greater than 850 ft in the north near the main
entrance and the southwest corner. Slopes within WAG 6 are
typically between 2 and 12 percent, though locally they may be
flatter or steeper. The greatest irregularity of terrain and
steepest slopes occur in the northern and northeastern part of
the site adjacent to the SWSA 6 access road and near the eastern
perimeter road.
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Modification of the 1land surface for trench disposal has not
significantly altered the original surface drainage or slope
configuration. However, Davis et al. (1987) reported that, in
some areas, thin soils were stripped from trenched areas and
pushed into nearby drainages. Prior to use as a disposal site,
the WAG 6 area was heavily wooded. Stands of trees remained
within the principal drainage paths until the Interim Corrective
Measures (ICM) capping work required the removal of trees in the
eastern drainage paths. This work was completed in May 1989.

4.2 SURFACE FEATURES

The surface features present at WAG 6 are shown in Figure 4-2.
The main surface features of WAG 6 include: three SWMUs as
described in Section 2.1, a series of interconnected unpaved
roads, two permanent buildings, power and telephone 1lines, a
tumulus pad with stacked concrete vaults, two weather stations,
and numerous wells. Except for the EWB located just north of
SWSA 6, the entire area is enclosed by an 8-ft high chain 1link
fence topped with barbed wire. Various equipment, including bull
dozers, backhoes, graders, forklifts, and trucks, are commonly
on site. Concrete vaults used to store and bury waste are also
on site but are moved frequently. Six large areas in SWSA 6
were capped with a high-density polyethylene geomembrane (HDPE)
to reduce the infiltration of precipitation as part of the ICM
project. These areas are roped off. Other than where roads and
buildings exist, WAG 6 is covered by either stands of trees or
fields of grass and weeds. The grassy areas are mowed during the
growing season. Numerous natural and man-made drainages transect
the site. Some of these drainages are rip rap lined. Culverts
have been installed where drainages cross the roads.

4.3 GEOLIOGY

WAG 6 is located in Melton Valley and is underlain by strata of
the middle to late Cambrian Conasauga Group in the Copper Creek
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Thrust Block. This section summarizes the findings of selected
studies that have made significant contributions to the
understanding of the bedrock geology of the Copper Creek Thrust

Block and Melton Valley. Although the studies were not all
performed in WAG 6, their findings may be applied to the
interpretation of site-specific data collected at WAG 6.In Melton
Valley, the Conasauga Group is approximately 1,880 ft thick. It
is 1lithologically heterogeneous, consisting of alternating beds
of siltstones, silty 1limestones, calcareous shales, and
mudstones, and is structurally complex. The primary structural
feature is the Copper Creek Thrust Fault, which is exposed on the
north side of Haw Ridge. The Conasauga Group and the underlying
Rome Formation constitute the lowermost stratigraphic interval of
the Copper Creek thrust sheet. The Copper Creek Thrust sheet is
believed to be further segmented by a series of tear faults
oriented approximately perpendicular to the leading edge of the
sheet thrust and consequently, perpendicular to the bedrock
strike. Other structural features of the Conasauga Group
include localized folding, bedding plane and vertical fractures,
and joint sets. Solution features have also been observed.
Webster and Bradley (1988) indicate that "solution cavities of
small cross-sectional area have developed in some limestone beds,
but no evidence was obtained to demonstrate that an integrated

cavity system has developed."

The Conasauga Group consists of the six formations described in
Table 4-1. The surface expression of these formations in the
vicinity of WAG 6 is shown on the generalized geologic map
(Figure 4-3) as are the principal faults in this area.

Additionally, this figure shows the location of the generalized
geologic cross section A-A' (Figure 4-4), oriented approximately
perpendicular to strike, and transecting WAG 6, which shows the
older rocks (Cambrian Conasauga Group) of the Copper Creek Thrust
Sheet overriding the younger rocks (Ordovician Chickamauga Group)
of the White Oak Mountain Thrust Sheet.’
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The general lithologic descriptions in Table 4-1 are derived from
Haase, Walls, and Farmer (1985), and are based primarily ﬁpon
continuous rock cores and geophysical logs from the 2700 deep
ORNL-JOY ©No. 2 corehole 1located approximately 3.5 mi
east-southeast of WAG 6. Figure 4-3 is adapted from the most
recent geologic map of Melton Valley (Dreier et al., 1987). By
developing geologic cross sections generally oriented
perpendicular to bedrock strike and from subsequent structural
mapping, Dreier et al. (1987) identified displacement of the
formations of the Conasauga Group along tear faults. The most
prominent of these tear faults is the WOC fault. The orientation
of the WOC fault generally corresponds to the wvalley that
underlies WOC and bisects Haw Ridge. Its motion is described as
scissors-like, with the west fault block being the upthrown
block. Visual evidence of horizontal motion along the fault at
ground surface includes the topographic displacement on opposite
banks of WOC (i.e., unaligned ridges along WOC in Melton Valley).
Fault displacement is smallest at its northern and southern ends
(40 ft) and greatest in the center (up to 350 ft). This feature
is approximately 0.5 mi northeast of WAG 6 at its closest mapped
location (Figure 4-3). Other tear faults are mapped elsewhere or
are suspected to exist, primarily expressed as topographic
anomalies at the ground surface; however, sufficient borehole
data or map data currently do not exist to conclusively identify
them. Such tear faulting is not uncommon in thrust terrains and
simply represents differential yielding within the thrusted
block.

Two locally extensive thrust faults, trending roughly east-west
across SWSA 6 were reported by Dreier and Toran (1989). Core
examination combined with borehole geophysical data provide the
primary evidence for these faults. The northern fault crosses
the site north of the 49 Trench Area and across the southern
border to the auger hole area. The southern fault traverses
north of the south disposal area and passes south of the Tumulus
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TABLE 4-1

GENERALIZED STRATIGRAPHY OF THE CONASAUGA GROUP

Formation

Member

Approximate
WAG 6

Member

Thickness®
(ft)

a)

Lithological Description

Haynardville
Limestone

Nolichucky
Shale

Maryville
Limestone

Maryville -
Limestone

Rogersville

Rutledge
Limestone

Chances Branch

Low Hollow

Upper Shale

Bradley Creek

Lower Shale

upper (D)

Lower

QIR < PO A e

144

180

62

29

459

246

213

131

102

Medium to thin-bedded buff and light gray dolostones,
ribbon-bedded dolomitic calcarenites, wackstones, and
micrites, and medium gray oolitic packstones and
grainstones.

WYavy to evenly ribbon-bedded calcarenite and micrite
alternating with oolitic packstones and grainstones.

Interstratified calcareous mudstones and limestones.
The medium dark gray to grayish black, locally
brownish black, mudstones are wavy to evenly
stratified and thickly Llaminated. The light gray
limestones are wavy ribbon-bedded to laminated
micrites, oolitic fossiliferous wackstones, and
packstones.

Predominantly lenticularly to irregularly stratified,
light to dark gray algal wackstones and packstones.

Numerous repeated cycles of limestone, calcareous
mudstone, and shale. The red-brown to maroon or
red-gray mudstones and shales are massively to thinly
laminated. The carbonates are silty calcarenites,
oolitic packstones, fossiliferous pelloidatl
wackstones, and intraclastic packstones and
conglomerates. Bedding in the carbonates varies from
parallel to wavy to lenticular.

Flat-pebble conglomerates interbedded with gray
calcareous mudstones, wavy to lenticularly bedded
modular micrite and dolomitic wackstones, wavy to
lenticularly bedded calcarenite, and fossiliferous
pelloidal packstone.

Calcareous mudstone interbedded with wackstones,
packstones, calcarenites and calcareous siltstones.
Carbonate lithologies tend to be cyclical. Mudstones
are thickly to thinly bedded; packstones are massive
to thinly bedded.

Massive to laminated calcareous and noncalcareous
mudstones and evenly bedded to wavy current-rippled
calcarenites and subarkosic siltstones. Mudstones
range from red-brown to gray and gray-green. An
upper member--Craig--is the limestone-rich interval
in the upper portion of this formation.

Upper and lower separated by a clastic-rich interval.
Upper limestones consist of micrites, locally
fossiliferous pelloidal wackstones and packstones,
and silty calcarenites that are thinly bedded with
highly varisble stratification patterns. The middle
interval consists of red-brown, red-gray, and gray
mudstones and shales with interbedded laminae and
lenses of subarkosic siltstone. The lowermost
limestones are lenticularly bedded to mottled and
bioturbated gray to gray-green wackstones and
calcarenites interbedded with shales and mudstones.




TABLE 4-1 (Continued)

Approximate
On-Site
Member
Thickness(?)
Formation Member (ft) Lithological Description
Pumpkin Velley Upper 157 Red-brown, red-gray, and gray mudstones and shales
Shale interbedded with subarkosic siltstones. The
mudstones are massive to thinly bedded and evenly to
wavy parallel stratified. Siltstones exhibit complex
stratification that range from thinly laminated to
thinly bedded with wavy to evenly parallel to
nonparallel stratification. Glauconite pellets are
commonly interbedded or found within other beds.
Pumpkin Valley Lower 151 Maroon-brown and maroon-gray bioturbated siltstones;
Shale they are massive to mottled and wavy or lenticularly

bedded. The bioturbated siltstones are interbedded
with gray and maroon-gray silty mudstone and evenly
laminated and crossbedded siltstones.

(b

Source: Haase, Walls, and Farmer (1985).

(a)Approximate on-site thickness derived from JOY 2 corehole.
>lnformal, site-specific division into Upper and Lower Members.




Pad. These imbricate thrust faults have disturbed zones from 23
to 70 ft thick.

A site geologic map for WAG 6 is presented as Figure 4-5 (Dreier,
1986; Dreier et al., 1987). As shown on the map, there are two
near-surface bedrock units within the site boundaries: the
Nolichucky Shale and the Maryville Limestone. The placement of
the contact is based on interpretation of deep drill hole data
and topography. As Haase, Walls, and Farmer (1985) report, the
lower contact of the Nolichucky is gradational, with the shale
becoming increasingly calcareous towards the base of the unit.

In general, the stratigraphic column within WAG 6 consists of the
following in ascending order:

o Unweathered, consolidated bedrock (limestone or shale)

(o] An interval of weathered, unconsolidated bedrock, or
saprolite, of varying thickness and degree of leaching and
oxidation

o A veneer of alluvial, colluvial or residual soils

Typical columns for representative topographic 1locations are
shown in Fiqure 4-6 (Davis and Solomon, 1987). In fine-grained
clastics, the transition from the surface to consolidated,
unweathered bedrock tends to be gradual. In carbonate-rich
sequences, weathering and alteration changes tend to be more
distinct or locally abrupt (Webster and Bradley, 1988).

Dreier and Beaudoin (1987) present a summary of geologic data
obtained from the HHMS wells drilled in WAG 6 (as well as other
localities in Melton Valley).

These wells are in clusters of three wells each--80, 200, and
400 ft deep, respectively--at four sites (4, 5, 7, 8) in WAG 6.
These localities are shown on Figure 4-5. The HHMS well log data
provide information on the relative position of the Nolichucky
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Shale/Maryville Limestone, Maryville Limestone/Rogersville Shale
contacts depicted in Figure 4-4.

Davis et al. (1984) collected information on the Maryville
Limestone Formation through interpreting borehole and shallow
geophysical data obtained in a siting study for the ETF, located
near the northwest corner of WAG 6. Numerous Jjoints and
fractures were observed in all of the cores; some calcite filling
occurs, commonly accompanied by other minerals. Small-scale
(<0.8 ft) solution cavities with local mineralization were also
observed in the cores. X-ray examination of selected cores from
four of the ETF wells indicated that chlorite, illite, and
mixed~-layer illite/vermiculite were the major clay mineral

constituents below the soil zone.

The development of at least two and, locally, as many as five
pervasive joint sets is typical of Conasauga Group bedrock
(Haase, Walls, and Farmer, 1985). Haase, Walls, and Farmer
(1985) also report intraformational deformation of bedding with
shearing, possibly representing a small-scale internal
imbrication. Such structural complexity is documented with data
obtained from within WAG 6 (Dreier and Beaudoin, 1986). In that
study, 10 trenches were excavated, mostly within a north-south
band across the site. The trenches were individually aligned
according to known structural trends to maximize wuseful data
recovery. Mapping of these trenches provides information on
bedding, fracture, fault and fold orientations, and on fracture
density. These data contribute to the development of an
analytical model of the site.

Structural data from these trenches (and from additional mapping
of other excavated areas) are summarized in Figure 4-5. Dreier
and Beaudoin (1986) summarize the findings of the trench mapping
program. In the northern part of WAG 6, bedding strikes
generally N35°E and dips 22° to 33°SE, with gentle warping of the
beds. In the central part of the site, bedding typically strikes




N50°E to N70°E and dips 32° to 40°SE. Small folds and minor
faults are mapped in this area. In the southern part of the site
(hill adjacent to White Oak Lake) bedding also strikes about
N50° to N70°E, but deformation is more intense, with the
occurrence of small-scale thrusting and overturned folds. The
variation in general structural trends from one mapped area to
the other is evident in Figure 4-5. The reason for this has not
been determined, but it may be a manifestation of intraplate
deformation (e.g., tear faulting) that can occur in thrust fault
displacement.

Studies by Sledz and Huff (1981), and Davis et al (1984),
documented two major joint orientations near the ETF site. The
first is a high anglé joint set oriented perpendicular to
geologic strike. The second is along bedding planes where signs
of displacement (slickensides, polishing, offsets) were observed.
Locally, the distribution and orientation of fractures are
controlled by structural deformation (folding, thrust faulting)
observed in the area. The size of fractures, some solutionally
enlarged, range upwards to 6 in.; however, most are between 0.004
to .12 in. wide (Davis et al, 1984). Sledz and Huff (1981)
further report gap widths measured from Conasauga Group drill
cove to range from .004 to .03 inches in siltstones and from .008
to < .004 inches in the shales.

Francis and Stansfield (1986) described work performed by Davis
and Stansfield (1984) regarding the excavation and construction
of a French drain in the Maryville Formation at WAG 6. It was
found that the bedding dips locally from horizontal up to 60
degrees to the southeast due to folding of the strata. Three
joint sets were observed in the weathered rock. Two of the
joint sets were approximately vertical and closely spaced
(approximately 0.4 in.). The third set is bedding parallel and
may represent a bedding plane fault. Thus, minor thrusting may
be associated with localized deformation of bedding and folding

which is locally overturned.
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4.4 SURFACE WATER HYDROIOGY AND SEDIMENTS

The WAG 6 site is characterized by gently to moderately sloping
topography that is divided by natural gullies and seasonal
streams into several sub-basins. As shown in Figure 4-7, there
are three major sub-basins drained by four seasonal streams (Fa,
FB, DA, and DB). The drainage areas are shown at stream gages.
These streams drain to the south to White Oak Lake and are
usually dry during July, August, and September. In the
northeastern and southern portions of WAG 6, runoff flows
directly to White Oak Creek and White Oak Lake, respectively,
because there are no visible drainages. White Oak Lake, which
ultimately captures all of the WAG 6 surface runoff, 1is a
tributary to the Clinch River (Figure 4-8), which in turn flows
into the Tennessee River (Watts Bar Lake). Discharge from White
Oak Lake enters the Clinch River approximately 2 mi downstream of
Melton Hill Dam.

The White Oak Creek Watershed above White Oak Dam is
approximately rectangular as shown in Figure 4-8 and contains
approximately 6 mi2 of drainage area (Tschantz, 1987). The
natural soils of the watershed have slow infiltration rates
resulting in high runoff yields. Tschantz (1987) considered
these factors in addition to other hydrologic factors that
affected the runoff in this watershed in his evaluation of the
White Oak ILake spillway. In this study, he determined that the
10- and 100-yr, 24-h storm events would result in lake elevations
of 751.65 and 754.08 ft MSL, respectively with the twin spillway
gates fully closed. 1In addition, Tschantz (1987) showed that the
probable maximum flood would result in a lake elevation of 762 ft
MSL under these same conditions. Tschantz assumed a starting
pool elevation of 744.0 ft which is close to the low pool level.
A higher starting pool elevation would have resulted in higher
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flood elevations. Flooding of SWSA 6 caused by the 100-yr, 24-h
storm event would not involve any burial trenches; however, the
probable maximum flood would inundate many of the trenches (used
for animal wastes) in the lower part of the burial ground.

The surface waters of this area are rich in calcium, magnesiunm,
and bicarbonate. They have a moderate hardness and typically
have total dissolved solids ranging from 100 to 250 mg/L.

During evaluation of the surface water system in WAG 6, the peak
flow rates were estimated by use of the HEC1 hydrologic modeling
program at the outlets of Basins 1, 2, and 3 (Figure 4-7, SW3,
SW2, and SW1l). The peak flow rates at SW1l, SwW2, SW3 for a 25-yr,
24~-h storm event are 42, 32, and 118 cfs, respectively. These
flowrates account for changes in watershed runoff characteristics
brought about by ICM capping and future construction of the
Interim Waste Management Facility and TUMULUS 2 in Basin 1.

The average loss of water to the atmosphere annually by
evapotranspiration is about 30 in., or approximately 57 percent
of the mean annual precipitation of 52.2 in (Moore, 1988a).
Evapotranspiration is the greatest from April 1 to November 5,
during the growing season. Runoff to the streams is greatest in
winter when evapotranspiration is low and precipitation is high.

In the fall, slow-moving high-pressure cells suppress rain and
remain stationary for days, thus providing mild weather. Year-
round mean temperatures are about 58°F, with a January mean of
approximately 38°F and a July mean of approximately 77°F (Energy
Systems, 1986). Temperatures above 100°F occur but are unusual.
Low-level temperature inversions occur approximately 36 percent
of the time (Energy Systems, 1986). Table 4-2 summarizes
selected climatic conditions in the Oak Ridge area. Mean annual
precipitation is variable around the Oak Ridge Reservation, being
higher in the northwest portion and decreasing to the northeast



TABLE 4-2

MONTHLY CLIMATIC SUMMARY FOR THE NOAA STATION
IN OAK RIDGE (1965 - 1985)

Temperature (°F)

Precipitation (in.)

Month Max Min Mean Mean Rainfall Mean Snowfall
January 49 29 38 5.3 3.4
February 51 31 41 5.3 2.6
March 59 36 47 5.6 1.3
April 71 47 59 4.4 0.01
May 79 54 67 3.6 0.0
June 85 63 74 4.0 0.0
July 87 66 77 5.6 0.0
August 87 65 76 3.8 0.0
September 81 59 70 3.3 0.0
October 71 47 59 2.7 0.0
November 58 36 47 4.2 0.5
December 49 31 40 5.7 2.5
Annual 58 53.5 10.3

Source: NOAA

(1965-1985) .
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(Rothschild, 1984). The mean annual precipitation for stations
near ORNL in the period 1954 - 83 was 52.2 inches (Moore, 1988a).

Preconstruction (i.e., prior to installation of ICM caps)
sediment samples were obtained by Environmental Consulting
Engineers (ECE) on October 17 and 18, 1988, at the locations
depicted in Figure 4-9. The following observations were made
from the grain size analysis performed on these samples:

o The grain-size distribution in sediment samples from each is
approximately normal.

o Each drainage shows an increase in fine sediments downstream.

These observations suggest that the grain-size distributions are
representative of drainages that have evolved naturally without

significant man-made disturbances.

ECE also collected sediment samples at the locations depicted in
Figure 4-9 three times during construction and 1 month after
completion of cap construction. A comparison of preconstruction
and first during-construction grain-size curves indicates the
effects of man-made disturbances. A decrease in fine sediments
was noted. The results of the post-construction sediment

sampling event are not currently available.
4.5 SOIIS

WAG 6 surface soils are principally comprised of residual soils
developed on the Maryville Limestone and the Nolichucky Shale of
the Conasauga Group. In addition, alluvial deposits occur within
the drainage paths and low-lying areas adjacent to White oOak
Lake, and colluvium mantles some slopes. The residual soils are
formed in situ. Their compositions and thicknesses are related

to parent rock composition and weathering conditions, and
topographic position. The depth of weathering is generally thin
in the low-lying areas and thicker on the ridges. Consequently,
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